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04 there's EXTRA PROFIT for you with 
HOBART simplified ARC WELDERS 


With Hobart Simplified Are Welders you 
get profits that are not mere claims but 
actual facts—facts that you can prove 


to yourself by actual test. > bi 


An actual test will bring out facts that are im- 
mediately apparent, such as cooler operation, 
extra capacity, easier arc control, and time- 


saving exclusive features—which make it = : 
easier for your operator to do more welding 
per day with better penetration, with 
fewer rejects, and with less effort to them. HOB AR 
If you are not using Hobart Welders on your 
production, construction or maintenance work, 
it's time you made an investigation of these 
money-saving, profit-making welders. An in- 
vestigation costs you nothing —in fact, we're 
anxious to show you how Hobart Simplified 
Welders can help you in these days when 
higher production costs and lower profits are : = 
a real problem. Just mail the coupon for com- 
plete details—no obligation. 
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Thirty-seven out of the nation’s 
forty-five foremost* makers of pressure 
are long-time users of Murex 
trodes. 


In this industry, welding electrodes must 
provide high quality weld metal to 
meet rigid code requirements — must 
have high deposition rates to assure 
economy of production. These are two 
characteristics for which Murex 
electrodes are noted. 


*Those having AAAA directory financial ratings. 
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Mallory Fluted Electrodes 
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Faster heat dissipation. 
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Reduced mushrooming. 


No increase in price. 

These features mean longer electrode life, less frequent dressing, more uniform 
welds, more welds per pound of copper and more welds per dollar. 

Get complete technical information. Write direct or contact your local 
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ANYONE 


who can point this “gun” 


can make a 


GOOD SPOT WELD 


“HELIARC” HW-8 Pistol-Grip Torch 
needs no forging pressure...works from one side of 


sheet... spot welds both STAINLESS and CARBON STEELS 


Are vou using light gage metals to fabricate large 
assemblies or irregular shapes? Lf so, chances are you 
can simplify many of your joining problems, boost 
production, and cut costs, too, by spot welding with 
the HW-8 Torch. 

The HW-8 joins mild 
steel, low alloy, or stain- 
less steel .020 to .064 in. 
thick at one to two sec- 
onds per weld. Because it 
works from one side of 
the sheet, without forging 
pressure, it makes an 
easy, one-hand job of 


Trade-Mark 


spot welding —even in places where resistance 
welding is not practical or possible. 

Connected to a suitable power source with auxiliary 
timer, the HELtarc Spot Welding Torch makes inert 
gas shielded welds without fumes, smoke, or spatter. 
Since operation is automatically controlled, workmen 
on the assembly line need only press the “muzzle” of 
the “gun” against the work and pull the trigger. A 
single hose assembly permits free use of the torch 
over a 25-ft. radius. 

For further information, telephone or write today. 
LinpE Air Propucts Company. a Division of Union 
Carbide and Carbon Corporation, 30 East 42nd 
Street. New York 17, N. Y. 
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BEFORE: This 5-ton gear case casting was shattered AFTER: The same casting 24 hours later after 60 pounds 
into 3 pieces. 


Close the mill for... 


2 MONTHS 


of 5/32” Ni-Rod “55” were used to repair it. 


to REPLACE 


this casting 


OR 
24 HOURS +t. REPAIR it 


First a broken tooth! 


Then the tooth lodged between the gears in the 
large gear case of this tube straightener. 


Next, the resultant force smashed this large 
grey iron casting weighing about 5 tons. 


Delivery on a new casting would take two 
months and cost several thousand dollars. In the 
meantime, the whole mill was backed up! 


Then a smart master mechanic suggested weld- 
ing. 
So a specialist experienced in welding cast iron 


was called in. 


He examined the casting which had broken 
into three pieces — the cross section at the breaks 
being 3” to 4”. 


oF service, THE INTERNATIONAL NICKEL 


67 Wall Street, New York 5, N. Y. 


with Ni-Rod “55” ? 


His recommendation was Ni-Rod “55.” 


60 pounds of 5 32” Ni-Rod “55” and twenty- 
four hours later the job was finished — the casting 
was saved! 


They did the job without pre-heating, using 
successive passes and peening each bead. After 
welding, the excess metal was ground off and the 
casting was ready for service. Thousands of dol- 
lars and two months’ operating time were saved! 


Here is an excellent example of how vital ma- 
terials and parts can be saved with Ni-Rod. 


And that’s doubly important today when pro- 
duction is essential. Ni-Rod is playing an impor- 
tant role in defense and you may not be able to 
get all you need. However, you can always de- 
pend on INCo’s Technical Service Section for help 
on your welding problems. 


COMPANY, INC. 
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Inert-Gas-Shielde 


Magnesium 


by Paul Klain 


SUMMARY 


HE primary purpose of the investiga- 

tion described in this paper was to 

evaluate the application of the new 
inert-gas-shielded metal-are process to the 
welding of magnesium. The experimental 
work was limited to the magnesium alloy 
FS1 (3 Al-1Zn) and to the use of one type 
of commercially available manual welding 
equipment (Aircomatie Unit, Model 3). 
The paper covers the are characteristics, 
mechanical properties and soundness of 
welds obtained on magnesium by the use 
of the metal-are process. 


INTRODUCTION 
The inert-gas-shielded metal-are weld- 
Air Reduc- 
tion Sales Co. and Battelle Memorial In- 
result of research into the 


ing process was developed by 


stitute as a 
welding of aluminum and its alloys. The 
development of this metal-arc process was 
announced in 1948! by Air Reduction 
Sales Co. Since that time the new welding 
process has been adapted to include the 
How- 
ever, up until the present time, there have 


welding of many other metals.'~* 


been no published investigations dealing 
with the usefulness of the metal-are proc- 
ess for welding magnesium and its alloys. 
Recognizing the need for tests on mag- 


Pau! Klain is connected with the Process Develop- 
ment Div., Metallurgical Lab., of the Dow Chemi 
eal Co., Midland, Mich 

Scheduled for presentation at the Thirty-Second 
Annual Meeting, A.W.8., Detroit, Mich., week of 
Oct. 15, 1951 


1951 


in’ magnesium 


§ Arc characteristics, mechanical properties and soundness of welds 
inert-gas-shielded arc process 


alloy FSI by the 


nesium, Air Reduction Sales Co. made one 
of their Aircomatic units available to the 
Dow Chemical Co 
suitability of this process on magnesium. 
The tests were limited to the FS1 alloy be- 
cause of its wide use in welded magnesium 


for investigating the 


parts and in applications requiring plate 
thicknesses of */\, in. and heavier. 

The outstanding features of the new 
process are the use of a consumable elec- 
trode and high current densities, up to 
twelve times those used in ordinary metal- 
are welding.’ A d.-c. are with reversed 
polarity (electrode positive) is used. The 
are is established between the workpiece 
and a continuously fed bare wire as the 
The are is shielded with either 
The use of high current 


electrode. 
helium or argon. 
densities results in a change in the type of 
metal transfer, from the normal large 
globular to the spray type of extremely fine 
droplets. The spray deposit is projected 
from the end of the electrode in the direc- 
tion in which the electrode is pointed. 
This type of metal transfer makes vertical 
and overhead welding possible in alumi- 
num and other metals. A more thorough 
discussion of the are characteristics of this 
new metal-are process is included in the 
literature.* 


d Metal-Arc Welding of 


EXPERIMENTAL WORK 
Materials 


The welding tests were carried out on 


'/-in. FSI-H24, '/:-in. FSI-F and 1-in. 
FS1-F plate. The welding wire was 
and °/,-in. diameter J1 in the as-extruded 


condition without any surface cleaning. 
For those not familiar with the alloy des- 
ignations Table | is included for reference. 
The shielding gases used were helium and 


argon, 


Equipment 


The equipment consisted of 200- and 
400-amp. d.-c. welding generators and an 
Aircomatic gun carriage unit, Model 3, for 
manual welding. The Esterline-Angus 
recording voltmeter and recording am- 
meter were connected into the welding cir- 
cuit tor recording the are voltage and are 
current Since all welding was done 
manually, 
any specimen was easily obtained from the 


the average welding speed for 


recording charts which were run at a con- 
stant speed. Commercial flowmeters in- 
dicating shielding-gas flows in cubic feet 


per hour were used 


Table I—Magnesium Alloys and Their Designations 


Alloy de signations 
A.S.T.M. Dow 
\Z31A-H24 FS1-H24 


Alcoa 


\Z31A-F FS1-F AM-C528-F 
AZ61A AM-C578 


A M-C528-H 


Vominal 


composition, 
Form and condition Al Zn Mn 
Hard-rolled sheet 3.0 1.0 0.3 
As-rolled sheet 3.0 1.0 0.3 
Extrusion wire 6.5 10 0.3 


Klain—Welding Magnesium 


| 

887 


Are Starting and Wire Feeding 


Starting an are on magnesium was rela- 
tively easy. The are could be started 
either by a scratching type of motion or by 
a point contact. The wire feeding could 
begin either before or after the are had 
been established, although at high wire- 
feeding rates it was best to have the wire 
feeding before the are was established to 
avoid “burnbacks” or arcing to the tip of 
the guide tube due to the inertia in the 
wire-feed mechanism. When the wire 
feed slowed down, the are length increased 
and if the wire feed were insufficient, the 
are became established on the guide tube. 
Since the guide tubes were made of copper 
for the best heat and electrical conduc- 
tivity, the burnbacks resulted in plugged 
tubes as a result of alloy formation be- 
tween the copper tube and the magnesium 
wire. The use of iron or graphite tubes 
solved the plugging up of tubes but in- 
sufficient data precluded recommending 
them at this time. Other causes of burn- 
backs were kinked wire and dirty or 
heavy oxide-coated wire. The kinked wire 
slowed or completely stopped the wire 
feeding while the oxidized wire shorted in- 
side the guide tube which had a similar 
effect. No special cleaning of wire was re- 
quired if kept reasonably clean. Wire on 
spools kept in cardboard boxes for over 
four months was found to be satisfactory. 
However, when the wire was exposed in 
ordinary shop atmosphere for several 
weeks where surface oxidation and corro- 
sion could occur, wire feeding became ir- 
regular with frequent are burns. 


Are Characteristics 


The most noticeable features of the 
metal are when used on magnesium were 
the type of metal transfer, the weld-metal 
spatter at certain current ranges and the 
high welding speeds. At low currents, the 
metal transfer was globular. The molten 
metal at the tip of the wire collected into a 
large globule, several times the diameter of 
the wire, and was usually deflected from 


Fig. 1 


Appearance of the tip of the 
electrode in the globular type of dep- 


osition. The wire has melted and 
collected momentarily into a large 
globule before dropping off 


of fine droplets or spray. At this point 
the are length increased and a deep crater 
was noticeable in the spray transfer. As in 
aluminum,’ the spray transfer was pro- 
jected from the end of the electrode in a 
straight line with considerable force. The 
change in metal transfer for the '/;¢-in. 
diameter J1 wire occurred at 200-220 amp. 
in argon and at 240-260 amp. in helium 
For the */3:-in. diameter wire the critical 
current was 280-300 amp. in argon and 
350-370 amp. in helium. 

Weld-metal spatter was negligible at 
low currents but became quite pronounced 
in the range of currents where partial 
spray and globular transfer existed. The 
spatter occurred in both helium and argon. 
It started at about 50 amp. below the 
critical current and increased in intensity 
until the metal transfer was completely 
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Fig. 2 Melting rate of '/\s-in. diameter Jl wire with various machine current 
settings 


the axis of the wire, as shown in Fig. 1. 
Eventually the globule dropped off and 
fused with the molten pool underneath. 
As the current density increased, the rate 
of globular transfer also increased and the 
size of globules decreased until a point was 
reached where the transfer was in the form 


of the spray type, after which the spatter 


almost completely disappeared. The 
spatter consisted of globules of molten 
metal from the electrode impinging at the 
bottom of the crater and bouncing right 


out. 


Argon shield 
Are Arc Are Rod 
current, voltage, power, feed, 
> amp. v. watts in. /min. 
112 20 2240 5 


Table 2—Deposition 


Av. 
Metal welding Are Are 
deposit, speed, current, voltage 
lb. /hr. in./min. amp. v. 
2.26 9 100 24 


Rates in Helium and Argon for 0.066-In. Diameter Jl Wire 


Helium shield 


Ar 
Are Rod Metal welding 
power, feed, deposit, speed, 
watts in. /min. lb./hr in. /min 
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* 0.060-in. diameter wire--speeds recalculated on basis of 0.066-in. diameter wire to obtain uniform data. 
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Fig.3 Melting rate of '/s-in. diameter Jl wire in argon and helium with average 
arc current 
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Fig.4 Melting rate of '/-in. diameter J1 wire in argon and helium as afunction 


of arc energy 


The best welding conditions in the region 
of the globular transfer with argon shield- 
ing occurred when the are was kept at 
18-22 v. The minimum argon-gas flow 
for adequate protection was 40 cu. ft. per 
hour while 70 cu. ft. per hour was sufficient 
for the highest current used. At the 
higher currents in the region of the spray 
deposit, the best conditions were obtained 
with 24- to 26-v. ares. Higher arc voltages 
resulted in lower penetration. In the 
helium are, the best welding conditions in 
globular metal transfer were obtained with 
22- to 26-v. arcs and gas flows of 60 to 100 


eu. ft. per hour. For spray-metal trans- 


fer, the best results were obtained at 26- to 
As in argon, any higher are 
voltages were de- 
creased wire- 
feeding rates did not significantly affect 
the arc voltage in the spray-transfer dep- 
osition. Either gas could be used as the 
shield for welding, but helium had the ad- 
vantage of lower spatter and somewhat 
better control of weld deposition, Mix- 
tures of the two gases offered no advan- 
tage. 


30-are volts. 
undesirable due to 


penetration. Increase in 


Deposition Rates 


The melting rates for the '/\.-in. diam- 


eter Jl wire in helium and argon arcs at 
different currents are given in Table 2. 
The data has been plotted in Figs. 2-4 
In Fig. 2, the melting rate has been plotted 
against the machine current settings. The 
helium are showed a considerably lower 
deposition rate than the argon arc. How- 
ever, when the melting rate was plotted 
against the actual recorded are current, the 
difference in the deposition rates was al- 
most negligible at low currents, as shown 
in Fig. 3. At the higher currents in the 
critical current range, considerable scatter 
occurred the melting rate in the 
helium arc tended to level off. 

In view of the difference in are length 
and the resulting difference in arc current 
in the two gases even though the same 
machine setting was used, the melting rate 
for the '/i.-in. wire was replotted against 
the are energy input in kilowatts in Fig. 4. 
The melting rate in helium again was 
shown to be considerably lower than in 
argon. This was just the reverse of the 
results reported on aluminum’ and might 
be due to a combination of greater arc 
length and greater cooling rate. The 
melting rate appeared to level off at high 
energy inputs in the spray transfer region. 
Reference to Table 2 reveals that the are 
voltages were higher in this region, 24-28 
in argon and 29-32 in helium. 


and 


Fillet Welds 


The process appeared to be especially 
well suited for making fillet welds. The 
appearance of some fillet welds in '/:-, 
1- and '/,-in. plate is shown in Fig. 5. 
Welding speeds from 13 to 24 in. per 
minute were used and even higher speeds 
were possible. of fillet 
welds in the three plate thicknesses are 
shown in Figs. 6 and 7. The fillets tended 
to be convex rather than concave because 
of the high rate of metal deposition. The 
approximate settings for the fillet welds in 
the different thicknesses were as follows: 

The that adequate 
root fusion could be obtained at relatively 
high speeds. Fracture tests and micro- 
scopic examination showed that the welds 
were sound and without porosity. 


Cross sections 


illustrations show 


Butt Welds 


All butt joints were made in the flat 
position with helium as the shielding gas. 
The '/,in. plate was welded in a single 
pass as a square butt joint without edge 
preparation. 


Plate 


thickness, Welding 


in. position 
F + H* 
F+H 
F+H 


Current 

Gas flow, cu. ft./hour range, 
Helium Argon amp. 

50-60 40-50 175-220 

60-70 50-60 270-320 

80-100 60-80 330-370 


Welding 

rod, in. Wire speeds 
1/16 265-285 
190-235 
225-235 


*F + H—flat and horizontal. 
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Fig. Appearance of fillets in 1- and plates 


184-189 1/16 a/ié 285 
Helium Argon Shield 


1g0-192 1/16 1/16 275 
Helium Helium Shield 


3/32 
Helium Shield 


290-312 3/32 235 
Helium Shield 


3/32 265 
Helium Shield 


Fig. 6 7 Fillet welds in '/,-in. FS1-H24 plate and in '/.-in. FS1-F plate 
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made in two passes with the edges beveled 
to a 30-degree angle to give a 60-degree 
included angle between the abutting 
edges. The 1-in. plate edges were beveled 
to 45-degree angles with a '/\e- to '/s-in. 
root face. The edges at the root were 
spaced '/,-in. apart and backed up by a 
/ie-in. FS1 plate so that all-weld metal 
specimens could be obtained. Four to 
five passes were required. The appearance 
of a butt weld in a 1-in. plate together with 
a cross-section view is shown in Fig. 8. 
Cross sections of typical butt welds in the 
three plate thicknesses, '/,, '/: and 1 in., 
from left to right, are shown in Fig. 9. 
Each pass is sharply defined by the etching 
effect and can be easily identified in the 
cross section. 


The mechanical properties and the 
welding conditions for the '/,-, '/.- and 1- 
in. butt welds are given in Table 3. The 
'/,in. plate joints had an average tensile 
strength of 34,600 psi. for an efficiency of 
81.8%. However, the material used was 
in the hard-rolled condition so that the 
efficiency would be expected to be lower 
than in the hot-rolled plate. The actual 
strength value was in the range of mag- 
nitudes normally obtained in hot-rolled or 
annealed material after tungsten-are weld- 
ing. The tensile strengths of the welds in 
the '/,-in. plate averaged 36,200 psi. for an 
efficiency of 95.3%. The 1-in. plate welds 
showed rather low strengths but the 
average efficiency was 97.7%. Consider- 
ing the low strength of the original ma- 
terial and the fact that failures oceurred 
mostly through the base metal, the 
strengths could not be higher. The all- 
weld metal specimens taken from the 
same welds had strengths of 37,600 psi. 
with 15% elongation. 


The welds in the and '/.-in. plates 
were found to be satisfactory even when 
using currents very close to the critical 
value where a combination globular and 
spray deposit was obtained. Some varia- 
tions in are current, are voltage and weld- 
ing speed were tried but these had no 
effect on properties of the welds. Examina- 
tion of the data for the l-in. plate all- 
weld metal showed that the globular de- 
posit obtained with the */;.-in. diameter 
wire resulted in mechanical properties 
slightly higher than that obtained with the 
spray deposit with the '/,.-in. diameter 
wire. However, the difference was not 
significant since it fell within the range of 
expected variation. 


Guided face, root and side bend tests 
were carried out on and 1-in. welds in 
addition to the tensile tests. The results 
showed 90- to 120-degree bend angles be- 
fore fracture with elongations of 10-15% 
on the tension side. This checked tensile 
results in which elongations of 10-15% 
were obtained. Typical fractured tension 
and guided bend test pieces are shown in 
Fig. 10. 

Visual examination of fractured tension 


THe WELDING JOURNAL 


— 

ot 

— 

are Dian. Diem. Peed 

‘ 

prs : 
16 

; 
16 
= 
266-296 3/32 235 2 16 

Helium Shield 

4 4 


and bend test bars showed no ¢ vidence of 


(a) 350-360 amp., 235 in. per porosity. Likewise, radiographs also 


inute ire fi md 13.9 in. 
"welding showed no detectable porosity Micro- 
shown at left of photo; 320- eXs ati reveal slight 
scopic examination did reveal a £ 
wire feed and 11.8 in. per min- amount of porosity in multipass welds not 


ute welding speed at right 
(b) 228-300 amp.. 235 in. per 
minute wire feed and 15.8 in. porosity was not caused by gases but by 


detectable by radiography. However, the 


incipient fusion due to reheating of the 


per mi e wire feed and 12.8 
in. per minute welding speed 


metal under subsequent passes. The ap- 


pearance of the porosity as well as the 


Fig.7 Fillet welds in 1-in. FS1-F plate made with different areas of the weld are shown in the 
*/-in. JI wire and helium shield series of photomicrographs in Figs. 11-16 
for the '/.- and 1-in. plate welds. The 


original plate metal structure in each is 
shown at the top in Figs. 11 and 14. The 


l-in. plate showed considerably coarser 


grains with lesser amount of cold work. 
This probably accounted for the lower 
strength of the l-in. material. The middle 


photographs, Figs. 12 and 15, show good 
sound metal at the junction. The bottom 


photomicrographs Figs. 12 and 16, show 


the appearance and extent of the porosity 


in the weld metal. It may be seen that the 
black areas of porosity have the shape of 
the Mg-Al compound. The porosity areas 


occurred in lavers at or just below the 


junctions of each pass This and the fact 


that no porosity was found in the single- 


pass welds established it as a fusion of the 


low-melting undissolved Mg-Al com- 


pound. However, the amount or degree of 


porosity found had no noticeable effect on 


the tensile strength of welds and even in 


the case of the all-weld metal specimens 


no effect was observed, 


DISCUSSION 


a The laboratory welding tests using the 
a new ly developed inert-gas-shielded metal- 


are process showed that satisfactory welds 


could be obtained on magnesium with 


” 


either globular or spray-type metal trans- 


Fig. 8 Multipass butt weld in 1-in. plate together with cross section fer. The critical current where the metal 


Table 3—Welding Conditions and Mechanical Properties of Metal-Are Welded Magnesium Plate ; 
Plate Helium Rod Rod Weld 1000 % 
thickness, Are, Are, flow, diam., feed, speed, No psi., Elongation Effi- 
Alloy No. in. amp. v. eu. ft./hr. in, in. /min in./min, passes TUS. in 2 in. cle ncy, 
67802-1-1 184-192 24-26 60 265 17.8 34.7 10.0 
-2 W/4 172-180 22 60 Vie 265 15.5 1 34.8 10.0 
192-200 23-25 60 265 13.0 l 34.3 8.0 
-5 V/s, 192-208 26-28 60 ie 265 19.2 l 34.6 10.5 
Av. 34.6 9.6 81.8 f 
67803-3-2 '/s 220-230 24-26 50 275 15.0 35.0 6.5 
-4-1 '/, 26-28 72 240 16.0 2 37.2 13.5 : 
-4-2 '/, 272-288 26-28 72 4/39 240 16.0 2 36.4 13.5 i 
Av. 36.2 11.2 95.3 
67804-1 1 200-316 24-28 75 12 3 
-2 1 272-304 26-30 75 /i6 23) 10 5 27.7 4.5 
-4 1 250-272 24-27 72 , 25 8.7 5 31.0 8.0 


Av. 29.3 6.3 97.7 

67804-1 l 37.9 16.7 All-weld metal 
36.4 12.7 All-weld metal 
-4 1 38.9 17.3 All-weld metal 


Properties of plate material 
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(a) (b) : 
Av. 37.4 15.6 
Ve 42.3 14.8 
2 38.0 21.6 
30.0 16.0 


Fig.9 Cross sections of '/,-, */:- and 
1-in. plate butt welds 


transfer changed from the globular to the 
spray type was of such a high magnitude 
for the smallest wire available ('/,¢-in. 
diameter) that all-position welding was 
difficult because of the high deposition 
rate. There was a good indication that 
all-position welding would be possible on 
magnesium with a smaller wire diameter 
and spray-type deposition. 

The metal-are process could be used to 
weld magnesium from a minimum of '/»- 
in. to the maximum thickness available. 
All types of commonly used joints could 
be welded but the process was particularly 
suited for fillet welds. The chief advan- 
tage seemed to be the high welding speeds, 
which could be well in excess of 24 in. per 
minute. The disadvantages were the 
shallow are penetration at iow currents (at 
globular transfer) and weld metal spatter 
at certain currents just below the critical 
point where metal transfer changed. 

At the present stage of its development, 
the inert-gas-shielded metal-are process 
when used in welding magnesium lacks the 
flexibility and all-around usefulness pos- 
sessed by the tungsten-are high frequency 
a.-c. process. However, the main useful- 
ness of the metal-are process is expected 
to be in large-scale-production welding, 
where high welding speeds are of primary 
concern and where both types of processes 
can be used. The picture may change 
somewhat should all-position welding 
prove satisfactory with smaller-diameter 
wire. 

In conclusion, the results of the labora- 
tory tests have shown that: 

1. The inert-gas-shielded metal-are 


Fig. 10 Fractured tension and 
guided-bend test specimens 


‘ig. 12 Weld junction on '/:-in. FS1-F plate (right) and 
Jl weld metal (left) 
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Fig. 11 Structure of ‘/;-in. FS1-F plate 
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13 yi weld metal in '/:-in. FS1-F plate 


Evidence of incipient fusion in grain boundaries in portion of weld 
between the first and second pass 


Fig. 15 
weld metal (left) 


process could be used for welding mag- 
nesium, with either globular or spray-metal 
deposits. 

2. The resulting welds were sound and 
possessed strengths equal to those ob- 
tained by other methods. 

3. High welding speeds were charac- 
teristic of the process but weld-metal 
spatter and shallow penetration were pos- 
sible drawbacks. 


" on l-in. FS1-F plate (right) and Jl 


Fig. 16 Jl weld metal in I-in. FS1-F plate 


Dark patches indicate incipient fusion in the area between passes 


4. The metal-are process was limited 
to flat- and horizontal-position welding 
but all-position welding appeared possible 
with wires smaller than '/;.-in. diameter. 
This possibility will be investigated fur- 
ther. 
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Case of Power 


§ Thinking-before-doing can produce an adequate system of machine setup and 
operating practices for resistance welding at moderate cost 


by Jerry Geralds, Paul Duker and Myron 
Zucker 


I. INTRODUCTION 


HIS is management’s story of power for a medium- 

sized welding plant; it is not a mathematical analy- 

sis of the electro-technical aspects of power systems. 

It shows (1) the importance of machine setup and 

operating practices in selecting a power supply for 

welders; and (2) how ‘“thinking-before-doing” can 

produce an adequate system at moderate cost, under 
difficult conditions. 

The factory in this study makes welded-wire products. 

_ It was planning to move one department to an arez 
_ where the electric system had lower capacity. Careful 
_ planning was called for, since economical production 
depended upon getting the most high-quality welds 
from each operation of every machine. Good power 
supply is one of the prime needs in gaining this result. 

The aim was to get a good power supply at minimum 
‘cost with least materials (because of the copper and 
‘steel shortages) in the shortest possible time. 

This story tells how these results were obtained by 
‘cooperation of the owner, the electric power company 
and the consulting electrical-welding engineer. It sug- 
gests the method of solving power supply problems that 
arise more often as industry decentralizes and subcon- 


tracts. 


Il. PROBLEM 


4 Possible Sources of Trouble 


_ Mid-West Wire Products Co. planned to move one 
department to a new building. The following nine pro- 
jection welders were involved: 

Size of nameplate, kva. 200 100 75 45 10 


Throat depth, in. 36 24 18 18 24 
Number of machines 2 1 2 1 3 


This department had been operating for years in an 


ferry Geralds is President of the Mid-West Wire Products Co.. Inc. Paul 
uker is Power Sales Engineer of the Detroit Edison Co Myron 
Zucker is connected with the Myron Zucker Engineering Co 


Scheduled for presentation at the Thirty-Second Annual Meeting, A.W.S., 
Detroit, Mich., week of Oct. 15, 1951 
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Fig. 1. View of the welding department for which power 

supply is designed in this study. Large and small welders 

can be seen, as well as the “‘square duct” that carries the 
service lines near the welders 


area where the power lines were adequate. In changing 
to the new location (Fig. 1), special attention had to be 
paid to the electric supply for the following reasons: 

1. The great amount of power drawn from the lines 
by the 200-kva. machines during the instant of welding 
would drop the voltage so much on the public utility 
lines that lamps connected to the circuit would flicker 
and there would be justifiable complaint from customers 
clear back to the substation that feeds this line from 
about a mile away. 

2. The voltage drop at the welders would be so great 
that: 

(a) Low heat would give weak welds. 

(b) Sometimes the voltage would get so low (when 
large machines weld at the same time) that timers would 
lose control—not only spoiling welds, but ruining pro- 
jection-weld dies and stopping production. This had 
happened at the original location, so the owner was 
quite conscious of this source of trouble that is often 
overlooked. (A possible cure is to connect controls to 
another circuit from the one feeding the welders, but 
this was undesirable primarily because the “normal’’ 
power circuit does not enter the welder section of the 
building.) 

(c) Machine capacity is reduced, so that either the 
number of welds that can be made at one time, or maxi- 
mum thickness of metal, must be cut down. In most 
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plants this is no problem since there is usually plenty of 
capacity to spare on each welder. But in this case, 
economy often calls for using machines right up to their 
limit. 

3. Transformers and low-voltage lines could be 
overloaded to the extent of overheating. This is a nor- 
mal condition in any plant. 

We mention in passing that voltage “drift” is no 
problem here, because regulators hold accurate voltage 
at the substation. 

In summary, it was important to get big enough lines 
so there would be no excessive heating; to get a high- 
quality voltage supply at moderate cost; and not to 
interfere with the electrical neighbors. The change- 
over had to be made quickly so as not to interrupt pro- 
duction; and the short supply of copper and steel made 
it desirable to use the least amount of materials. 


B. Voltage-Drop Terminology 


This statement of the problem shows that there is no 
elementary “‘yes or no”’ answer; many factors must be 
considered. This may be the reason for much con- 
fusion existing on the subject of power supply for resist- 
ance welders. To help clarify, we will use special 
names for the different sets of voltage drop caused by 
particular operating combinations. 

“Flicker” drop—measured at the place on the utility 
system where the sensitive load (usually lights) may be 
disturbed by the welders. The permissible voltage 
drop depends on how often it occurs; therefore different 
combinations of machines must be figured in order to 
make sure that the less frequent combinations of 
several welders “hitting’’ simultaneously and causing 
great dips are within limits, as well as the more frequent 
operation of each large welder. 

“Self” drop—measured at the terminals, 
caused by the welder itself. Affects machine capacity. 

“Cross” drop—the additional drop measured at 
“the” welder but caused by other machines that hap- 


welder 


pen to be making welds (drawing power from the line) 
at the time. In talking about cross drop, we must 
name “the” 
other welders are crossing it, for example, Cross A on C 
means the effect on C of machine A’s welding. 

Difterent combinations must be looked at, and their 
importance determined by how often they occur and 
Affects weld quality. 


machine it is affecting, and say which 


how much drop they cause. 


“Aggregate” drop—the sum of self and cross. 


Affects welding controls. 


C. Limits Set 


1. To meet the flicker condition outlined in Item 
Il-A-1 the utility would permit 3.3°% voltage drop 
(4 v. measured on the 120-v. lines) at the point where 
other customers would take lighting services. This 
limit applies to the drop caused by a single large welder 
operating under “extremely frequent” but not a “cyclic” 
program. 

The limit was raised to 6.7°% for combinations of two 
or more welders hitting simultaneously, provided this 
did not happen more than several times a day. 

2. In regard to the welders themselves, these limits 
were set: 

2a—Weak welds are not caused ordinarily by the 
“self” drop; the heat can be adjusted by taps or con- 
trols to make up for this condition. It is the ‘‘cross’’ 
welds that cause quality trouble. They occur so fast 
and so unpredictably that the electronic controls to 
compensate are too expensive and a bit too slow to be 
practical here. 

Therefore the power system must be made strong 
enough so that the voltage drop caused by the largest 
welder will not spoil welds made on other machines at 
the same time. 

This “‘cross’”’ drop should not be more than 10°%, and 
preferably should be 5%. 

A greater drop can be allowed when three welders hit 
simultaneously, because it does not happen often. 
This will be covered later, not directly, but in regard to 
total percentage of poor welds. 

2b—Control manufacturers 
+10% voltage. Experience with these welders showed 
that blowouts from loss of control would probably not 
come at 25% drop: therefore, the limit for aggregate 
drop was set at 25%. (Any effect of “self” drop on 
controls would be covered by limit 2¢ below.) 

2c—To get the most production from each welder, 
the voltage at its terminals should be practically the 
Hence, “‘self”’ drop should be kept to 
in this case, 10%, with 5% pre- 


usually recommend 


nameplate value. 
a practical minimum 
ferred. 

In designing the electrical system, it is important to 
watch all these points—not to concentrate only on 
flicker or any other possible cause of trouble. They 


Table I—Summary: Permissible Voltage Drops for Mid-West Wire Products Plant 


(Under conditions as stated in the test. 


Do not use as general table*) 


Limit, % 
Desirable Absolute 


Item Factor Voltage at: Cause 
l Flicker Power line feeding point Largest welder 3.3 
Several 6.7 
2a Weld quality Welder Cross (1) 5 10 
2b Control operation Welder Aggregate 25 
2c Machine capacity Welder Self 5 10 


* This table applies only to this plant. 
could be 0.5%, measured at the factory service drop 
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In other problems, values may be entirely different. 
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For example, Item 1 


flicker limit) 
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Starts. 


licked 


production 


be before 


should all 


D. Power Requirements—Demand of Machines 


The limits listed above govern the size load that can 
be placed on the power system. In this case, the follow- 
ing large welders made heavy demands on the line: 


Kva. demand 


during 
weld* 
(also 
Nameplate, Throat called 
Welders kra. depth, i. inrush ) 
A,B 200 36 600 
it 100 24 240 
D 75 18 240 


* Usually, the short-circuit demand is used in voltage calcula- 
tions, but in this case the utility felt satisfied to use the actual 
power demands (which are smaller than short-circuit) because 
of first-hand knowledge of the welders and their operation 


Ill. DETAILED STUDY 


A. Solution to Flicker and Thermal Limits 


The flicker problem was unusual in that it solved it- 
self easily. The power company computed the inrush 
limit on the existing 4800-v. facilities at the customer 
plant. A power demand (inrush) greater than 240 kva. 
would be disturbing to other customers fed from the 
same circuit. However, by building a separate 4800-v. 
welder line back to the feeding point of this power line 
as shown in Fig. 2, a 600-kva. inrush could be allowed— 
by coincidence the requirement of the largest welder A, 
doing its heaviest work. 

Thus the regular production demands could be met 
from the “good-neighbor’” viewpoint by building a 
short length of 4800-v. line. 

Combinations of A and B striking together are also 
permissible under the 6.7% limit; and other simul- 
taneous demands of more than two machines happen so 
seldom as to be negligible. 

From the viewpoint of heating, tests during regular 
operation showed that this group of welders of 725-kva. 


nameplate total, in continuous production, drew a load 
that had the same thermal effect as 92 kva. of steady 
load. This value is so smal] compared to the size of 
transformers and lines needed for adequate voltage, 
that no more attention need be paid to the 92-kva. 
thermal load. 

The remainder of this study, then, concerns voltage 
drop at the welders, in relation to weld quality, opera- 
tion of controls and welding machine capacity —items 
2a, 2b and 2c. 


APPROK ONE MILE 
OF # 2 WIRE 
4 70::2000 amp_MIO-WEST WIRE PRODUCTS CO 
LO-x Bus) WELDERS 
| 

sw 
FEEDING HOUSE 

POINT 
2-100 KVA 4 
4WiRE 
70'-1000 AMP 240/120V 
LO-x BUS SERVICE For GENERAL 


OTHER FACTORIES 
Fig. 2. Schematic diagram of supply proposed when this 
study was start 


B. First Design of Power Supply 


The first proposal for power supply used a convenient 
transformer location about 65 ft. from the plant, as 
shown in Fig. 2. It called for a meter-and-switch 
house, with bus-duct to the building. 

This would have been satisfactory for the average 
plant, but, because of the welders, such a meter room 
with long secondary runs would violate three of the four 
requirements set up in Section I. Although this 
scheme was not used, we will discuss it here because it 
shows the electrical system. 

The large welders would be put on one phase of the 
three-phase power supply; the other machines on one 
other phase. With this arrangement, the voltage drops 
(given in some detail, according to the sections of the 
power system that are responsible for significant drops) 
are as follows: 


Limit applicable ( Table 1) 
Voltage at B 


Load condition Cross A 
Section — 
4800-v. primary lines, approximately 5000 ft., 

three No. 2 9.6 
4800 /240-v. welder-supply transformers at plant, 

500 kva 
240-v. service wires, 25 ft., three 350 mem 2.0 
Plant wiring; one phase 70-ft., 2000-amp. low- 

reactance bus; other phase, 150 ft., 1000 amp 60° 
Total drop at welder 25 3+ 
Limit from Table | 5-10 


2a 2 


———Controls ———~ —Machine capacity 
2a 2b 2h Re 2 
Cc 4 A A ( 
Cross A A&C A A c 
— Voltage drop, ©; 
4.8 8.5 9.6 9 6 
0 §.3 77 aoe 5 
1.0 08 20 20 0.8 
0.0 15 60 6.0 1.5 
58 16.1 25 3 25.3 11.3 
5-10 25 25 5-10 5-10 


* This “excessive” condition (cross A on B) can be avoided by interlocking the welders or training the operators to prevent simultaneous 


operation. 
ator#’ nerves 


ums’ 
+ Boxed totals show where voltage-drop limit is exceeded. 
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Years of experience with the latter had convinced the owner it was undesirable from the viewpoint of production and oper- 
Even so, the same high voltage drop will cause trouble with quality and controls as indicated under the 2b and 2c col- 
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This proposal not only shows up poorly in the voltage 
test, but has a high cost out of proportion to the job 
being done. 


C. Higher Voltage Service 


The first layout assumed that the service voltage* 
would be 240, which is standard with The Detroit 
Edison Co. for this type of customer. A higher voltage 
decreases the current in the part of the circuit that has 
the higher voltage, as can be seen from the basic formula 

Kva. demand 


= 
Current 


(Current is measured in thousands of amperes in this 
formula.) 

Lower current means not only less voltage drop, but 
smaller service wires and busses, at lower cost. 

Some idea of the importance of service voltage can be 
obtained from the following figures: 

Service 100 ft. of 500 mem. wires 

Spacing 8 in. Wires close 

Voltage 240 480 240 480 

Voltage drop with 600- 11.2 2.8 5.7 1.4 
kva. single-phase load 

at 35% power factor, % 

Because of this decrease in drop and possible saving 
in cost, computations were made for 480-v. service 
which will not affect the drops in primary lines or trans- 
formers. 


Vachine, 
Quality Controls capacity 
Limit — 2a 2a 2b 2b 2c 2c 
Voltage at B 2 A Cc 
Load Condition -— CrossA* A&C A A C 
Section Voltage drop, % 
Primary 9.6 4.8 8.5 9.6 9.6 3.7 
Transformer 
(4800/480 v.) on 7.7. 5.3 
Service, 480 v. 0.5 0.3 02 O05 0.5 0.2 
Plant, 480 v. 15 0.7 0.4 1.8 1.5 0.4 
Total drop at the 
welder 19.3} 5.8 14.4 19.3 [19.3] 9.6 


Limit from Table 1 5-10 5-10 25 25 5-10 5-10 


This shows that, although the per cent voltage drop 
in the service lines is cut by 4, there is still trouble be- 
cause so much of the total drop is in the primary circuit. 
Furthermore, 480 v. is not standard with this power 
company although many plants that have their own 
substations use 480-v. secondary. To improve volt- 
age, then, attention should be turned to the primary 
supply lines and the transformers. 

As to cost, the saving in smaller electric lines at 480 v. 
was more than offset by the cost of rewinding the welder 
transformers for connection to the 480-v. lines. 

Two modifications of this scheme were investigated 
as possible economical solutions. 


* The term “secondary voltage,"’ commonly used by electrical power men 
for circuits from 100 to 500 v., is reserved here for the 1-20 v. welding- 
current circuits in the welding machine which are always called the second- 
aries by welding men. 
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Autotransformers. The cost of rewinding welders 
could be avoided by using 220/440-v. autotransformers 
between service lines and machines Net savings proved 
to be but little; benefits are partly offset by the voltage 
drop in the added units, and delivery of autotrans- 
formers would be slow. 

Twice Voltage on Welders. 
220-v. machines can be operated at 440 v.: 

1. If the ratio of highest to lowest secondary voltage 
is 2:1. Then the selector switches can be locked at the 
lowest tap and 440 v. applied to the welder. 

2. Control of heat can be satisfactorily obtained 
with the phase-shift type of electronic welder control. 

Investigation of transformers on the machines in this 
plant showed that they did not have the necessary 
range of secondary voltage, so this idea could not be 


Under certain conditions, 


used. 


D. Third Step—Shorter Service, Stronger Pri- 
mary 


The study thus far led the thinking into two different 
lines: 

1. The high cost of service leads suggested relocating 
the transformers closer to the building. When the 
importance of this point was realized, both the owner 
and the utility cooperated in minor changes in the pre- 
liminary building plans from which the first power 
proposals had been made. The transformer was not 
only brought nearer the building, but was placed at the 
corner in which the two large welders were to be in- 
stalled (see Fig. 3). 

2. The great voltage drop in primary lines and 
transformers forced consideration of means to “‘streng- 
then” this part of the system. 

Drop in transformers was decreased by installing 
more transformer capacity. Cutting down the line 
drop was not so simple. Several possible schemes were 
quickly ruled out for these reasons: 

(a) Series capacitors: expensive; inflexible in view 
of wide variety of work produced on each welder. 

(b) Larger wire in the overhead primary line: ex- 


APPROX. ONE MILE 


OF #2 WIRE MID-WEST WIRE PRODUCTS CO. 
4800 V PRIMARY 
TRANSFORMERS (5) 
| 
FEEDING 80 OF 2-500 MCM 
POINT 2-100 KVA 
TRANSFORMERS ine 
i 240/120 V 
SERVICE FOR GENERAL 
USE 


Fig. 3 Improved arrangement, with transformers closer 
to load 
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pensive, requires more copper and gives very little 
improvement. 

For example, where 9.6% voltage drop is listed in the 
previous study, we would still get 7.8% if we used 
twice-as-big primary wires. The explanation is that 
while voltage drop in overhead lines depends upon both 
“reactance” and “resistance,” the former is more 
important in cases such as this where the load has poor 
“power factor.” 


APPROX. ONE MILE 
OF #2 WIRE 
4800 V PRIMARY 


5-100 OF 
4800/240 V 
TRANSFORMERS 
PHASE) 
SERVICE FOR GENERAL 


OTHER FACTORIES 


Fig.4 Same transformer location, but proposal for single- 
se supply 


3 Phase ry 
Lines 


Voltage drop coused by welders A+B 

Meosured ot terminals of welders A (or B) 

PERCENT VOLTAGE DROP By A By B Combined A+B 
Primary Lines 96 96 192 
Transformer 77 77 154 

Service 10 10 20 


Fig. 35 
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Voltage drops for typical combinations of loads, 
showing effect of welders on themselves and on others 
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Therefore, although it is true that “resistive” drop is 
halved (from 2.2 to 1.1%) by doubling wire size, the 
“reactive” drop only decreases from 7.4 to 6.7%, totals 
being 9.6 and 7.8%. Gain by doubling the primary 
wire size is not commensurate with the cost. 

(c) Ring feed, obtained by bringing in another 
branch of the 4800-v. circuit. This would nearly 
halve the line drop. 

This was ruled out by construction difficulties; but 
the calculated voltage condition for this single-phase 
system was very favorable. This brought out the 
possibility of better performance of a single-phase sys- 
tem (Fig. 4). 


E. Single Phase vs. Three Phase 


The idea of creating a ring, though discarded, did 
focus attention on the final question as to basic elec- 
trical system: should welders be connected single 
phase or three phase? The contrast is that single phase 
is better for the “self” and “aggregate”? conditions, 
whereas three phase is better for the worst “‘crosses.”” 
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a ' WELDERS 

: 

FEEDING 80 OF 2-5 

POINT 

ooo 

Voltage drop caused by welders c A+C 

measured at of weider c c c 

Primary Lines 37 48 

Transformers $5 cis 
Welders connected at the Total 100 53 #153 

AFFECTS Capocity Quality Control 

VOLTAGE CONDITION “Self A” 

Voltage drop caused by welder A 3 Phase Lines —— — 

measured at terminals of welder A 

PERCENT VOLTAGE DROP 

Lines VOLTAGE CONDITION Combined ABC on C|Combined ABC on A 

183 

PERCENT VOLTAGE DROP | 

AFFECTS Capacity Primary Lines 48 48 37+133| 96 96 18-210 

Service 15 15 40] 10 10 25 

2 Total 63 63100226] 16.3163 23-389 

AFFECTS Control Controt 

VOLTAGE CONDITION Combined AB on A thes 

VOLTAGE CONDITION Combined CD on C 

Voltage drop caused by welders ; 

7 measured at terminals of welder C(or D) 

otal PERCENT VOLTAGE DROP By Combined (C+D) 

ite AFFE Control Primary Lines 37 37 74 

= AFFECTS Transformers 54 54 108 

Service 410 10 20 

x6 3 Phase Lines Total 101 101 202 

: 

AFFECTS Control 


CONSTRUCTION DETAIL 


service ECTRICAL SCHEMATIC DIAGRAM 
ENTRANCE + + 
FOR 60 CYCLE 
AC POWER 

+ 


WELDER 


+ Wires are connected together at tap for each welder. 
= Wires are connected together at tap for each weider. 


Fig. 6 Cross section of wires arranged for minimum volt- 
tage drop 


The question of relative importance of these types of 
drop involves magnitude and frequency. First con- 
sideration was the amount of drop. 

These many 
Figure 5 illustrates the results for the case of 240-v 


were computed for combinations. 
three-phase connections, with welders A and B fed 
from one phase and the remainder of the machines from 
another phase. The values alongside each diagram are 
the per cent voltage drops on the phase named and for 
the load drawn by the machines listed under each sub- 
title. 
drops in the primary lines, in the transformers and in 


In each case, figures are given separately for 


the secondary lines, including both service drop and 
rather 


plant wiring (which are called “service lines’’ 
than “secondary” as previously explained). 
Important: The drops are now computed on the basis 
of using 500-mem. lines instead of bus duct within the 
plant. This is made possible by the shortened elec- 
trical system and by use of two wires per leg properly 


arranged in the same duct (Fig. 6). This step saves 


money because it uses salvaged wire from the old piant. 

Rather than reproduce all the studies in this form, a 
summary has been prepared in Table 2 showing the 
complete voltage drop at the point of interest. Com- 
parison of various methods of serving the loads can then 
be made from the table, for each power supply scheme. 
For purposes of comparison, results of the preliminary 
studies, sections II-B and II-C, are shown in lines 1 and 
2, of this table. 

Results of shortening service wires as seen from line 3 
of Table 2 (corresponding to Fig. 5) are that voltage 
conditions are practically the same as line 2 but are 
obtained at a considerable saving in cost (by eliminat- 
ing switch gear and internal and external bus duct) 

Now compare the single-phase results, line 4. In 
checking Quality (column 2a), the effect of B on A shows 
a slight improvement over line 3; but cross A on C is 
Both lines 3 and 4 are above the desirable 
As to limits “control” 


much worse. 
limit of 5% in too many cases. 
(2b) and machine “capacity” (2c), there is not much 
choice between the systems represented by lines 3 and 4. 
Again, both exceed the desirable or even the absolute 
limits in too many cases, 

Line 5, representing the primary ring arrangement, 
brings half the voltage drops nearly to the desirable 
limit, and the others nearly to the maximum permis- 
sible. The expense and delay in completing the loop, 
as well as additional costs caused by construction diffi- 
culties, made us look for still another way out of the 
high-voltage-drop, high-cost situation 

This way was to decrease the loads by proper choice 


of welders and operating methods. 


F. Reducing Demands 

Several thoughts were considered for reducing voltage 
drop by means of drawing less power from the line when 
welds are made. 

1. Longer Weld Time. When 
welds (several wires in parallel, simultaneously, as on a 


making multiple 


bar welder assembling the basket shown in Fig. 7) 
longer time might be used rather than higher currents. 


Table 2—Per Cent Voltage Drops for Each Suggested Supply System 


Check for Quality Control Machine Capacity 
2a 2b 
Condition - Cross Aggregate Self 
Self 
At machine A A Cc ( A A A A Cc A Cc 
Drop caused by B Cc 1 D A AB AC ABC AC A ¢ 
Transformer 65 ft. from building. Welders A & B draw 600 kva.; C & D, 240 kva. 
3 phase, 240 v 25 25 16 25 11 
2. 3 phase, 480 v 19 ce 6 19 i4 19 10 
Transformer at corner of building. 240-v. service 
3. 3 phase 18 2 5 10 18 37 21 39 7 18 10 
4 1 phase 15 6 15 6 15 29 21 35 22 15 7 
5 1 phase, ring 11 5 11 6 11 22 16 7 17 11 6 
Machine B’ changed to 100 kva., 12-in. throat, 400-kva demand 
6. 3 phase 12* 2 4 10 12 24 15 27 15 12 10 
7 10 20 15 26 17 10 6 


1 phase 10 6 10 ‘ 


Limits from Table | 5-10 


25 25 5-10 


* Cross A on B’ is still 18°%. 


OcroBER 1951 Geralds, et al. 


Boxed numbers show where voltage drop exceeds absolute limit; 
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underline where it exceeeds desirable limit 


BINDING TAPE SQUARE DUCT 

4 


Fig. 7 Some examples of cross-wire welding products at Mid-West Wire Products plant 


The heavy loads carried in these basket 
be made in the same welder, giving wide variation in load drawn from 


taneous welds must often 


It is sometimes good practice to decrease the electrical 
demand by setting the welder for lower currents and 
getting the required input of heat by having the low 
current flow for along time. This applies when (a) the 
weld time is small compared with handling time 

thereby not cutting into production rates if more cycles 
are consumed for actual welding; (6) a good welding 
job can be done over a wide range of settings; and (c) 
the longer welding time does not cause warpage. None 
of these provisions applies to the case of cross-wire weld- 
ing. The welding time (i.e., time during which current 
flows) is an important part (10-20%) of total floor time 
in this plant because of fast welding and multiple opera- 
tors on each machine; and more important, the correct 
weld current per wire cannot be divided by 2 or 3 with 
_ any expectation of good performance. (See Fig. 8.) 


=> Correct Heat for FEW WELDS 


a> Correct Heat for MORE WELDS 
—= Wrong Heat for MORE WELDS 


TIME 


Fig. 8. Welding technique when welding different num- 
bers of wire on same work-piece 
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s require high and consistent strength of welds. Many combinations of wire size and numbers of simul- 


electric lines 


It is common practice to have “dual heat” on cross- 
wire welders, so that the operators can compensate for 
the change from a few parallel wires to many welded 
elsewhere on the same piece. This calls for phase shift 
control on an electronic timer. Such use of dual heat is 
right for changing the number of wires of the same gage, 
but dual time is wrong. 

Where a change in wire gage is involved, both heat 
and time should be adjusted. 

Related to lower current and longer time is use of 
lower pressures, creating more heat through higher con- 
tact resistance; and use of slope control to ease the 
sparking usually created by welding with low electrode 
force. Such “doctoring” jeopardizes quality and would 
be used only as a last resort. Actually, the fast follow- 
up action of a new 100-kva. machine improved welding 
quality and this was more important in this respect than 
in possible power savings. 

2. Series Capacitors on the Larger Machines. 
This is expensive and would restrict the production 
range to an impractical degree. 

3. Series Welds. It was estimated that the heaviest 
jobs could be done with 250-kva. inrush if the secondary 
circuit were made small by use of a series welding cir- 
cuit. A survey of the products showed great possibili- 
ties here, but the time required for retooling ruled out 
series welding as an immediate solution to the power 
problem. 

4. Doing Many Heavy Jobs on Smaller-Throated 
Welders. The reason for using the smallest-throated 
machine into which the work will conveniently fit, is 
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that for a given welding current, the power demand is 
least with the shortest-throat machine of the same 
class. For example, the following table gives (1) the 
nameplate kva. required in a standard RWMA projec- 
tion welder and (2) the power demanded by that 
machine, to produce approximately 30,000 welding 
amperes when 90% of rated voltage is applied to the 
machine. 


Table 3—Demand vs. ‘Fhroat Depth on RWMA Size 2 Pro- 
jection Welder (Furnishing Approximately 30,000 Welding 


Amp.) 
Throat depth, in. 8 14 24 36 
RWMA transformer, kva. 50 75 100 150 
Demand or inrush, kva. 160 190 220 300 


Since the basic machine requirements for a welding 
job are to supply sufficient electrode force (pressure) and 
current in the weld, rather than the kva. commonly used 
as a measure of how much a machine will weld, much 
work can be transferred to smaller welders. 

A method of determining machine size for cross-wire 
welding is shown in Fig. 9, which compares welding 
requirements with machine abilities. By using the 
smaller machine, many jobs that had required 600-kva. 
inrush with 36-in. throat could be done with 400 kva. 
on the 12-in.-throat machine. 

From Figs. 9 (a) and 9 (6), for example, we can select 
the combination of wires whose current and force 
requirements are within the range of the 100-kva. welders: 


Maximum Number of Wires That Can Be Welded on Size 2, 
100-Kva. Machine 


(Wire of 1010CR steel, clean, 15% set-down, 200-v. on 240-y- 


welder) 
Diameter, in... . Va 
No. of wires throat, in. 
9 6 4 400 kva. demand 
: 7 3 310 kva. demand 


Thus we come to lines 6 and 7 of Table 2. The 
improvement is evident: we are within or close to the 
limits on all counts. 

A careful survey of all product designs showed that 
many but not all of them could be welded in the short 
arms of the 100-kva. machine. The necessity for 
keeping the deep-throated 200-kva. machine in service 
revived the question of three-phase vs. single-phase (in 
electrical notation, 3¢ vs. 1¢) supply system. 


G. Frequency of Occurrence (Affecting Choice 
of 1¢ or 3¢) 

There is no obvious choice between the 1¢ and the 3¢; 
each one has its advantages as shown by summary on 
next page. 

In marginal cases of quality, 3¢ is better for “cross A 
on C,” but 1¢ is better for the small machines (“cross 
D on C”). As to controls, 3¢ treats C better; 1¢, A. 
How can we choose? 
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MATCHING WELD-CURRENT REQUIREMENTS 
WITH MACHINE LIMITS 


60,000 Current required by clean CR 
steel wire for best weld wi 
5% Set-down 
50,000 Mou 
furnished by | 
ae machine RWMA size 


40,000} at 90% voltage 


30,000 


20,000 


2 4 6 8 
Number of Wires Welded at One Time 


012 


MATCHING ELECTRODE-FORCE REQUIREMENTS 
WITH MACHINE LIMITS 
T we 3/8" 
Force required for CR steel_ 
wire, 5% set-down=—~] 


5,000 }Maximum force applied 
by RWMA size 2 VA 


at 8Opsi cir, machi 
§ 4,000 having --12" Throat 


6,000 


E 3,000 


= 
2 4 6 8 10 12 


Number of Wires Welded at One Time 


Fig. 9 Method of selecting welder size for range of cross- © 


wire welding jobs 


Lower chart: Force vs. number of wires. 


Upper chart: Current vs. number of wires. 


A better perspective can be obtained if we can answer 7 
this: ‘Do these voltage drops cause poor welds or loss § 
of control often enough to be of any concern?” There- | 
fore we produce some figures on “frequency of occur- 
rence.”’ 

We must define a “poor weld” 
of this analysis, one in which the voltage on the machine 
averages less than 90% of normal during the weld 
period. 

We will give no detailed analysis of frequencies be- 
cause it is too complicated. An idea of significance can 
be gained from the following table that corresponds 
roughly to the order of magnitude of the case in hand. 
It shows the number of good welds per poor weld where 


it is, for the purpose 
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————(Qual 

Effect on welder caused by A A Cc Cc 

Load on welder - B c A D 
When largest welder is 200 kva. (lines 3 and 4, Table 2): 


When largest welder is 100 kva. (lines 6 and 7, Table 2): 
Better system le 30 30 le 


Machine 


capacity 
A A A A Cc Cc A Cc 
A AB AC ABC AC ABC A Cc 
le t t 30 (l¢) 
lo lg le lp 


* Listed number shows preferred system for the condition; parentheses indicate “better but still beyond limit.” 
+ Combinations with A and B simultaneously are omitted on this line because Quality requirement 2a calls for interlocking these ma- 


chines whenever A is set up for more than 400-kva. demand. 
largest welder is 200 kva. (drawing 600). 


there are five duplicate machines operating on a 5% 
duty cycle and supplied from eight single-phase sys- 
tems, each one weaker than the preceding one, as 
shown by the increased voltage drop caused by one 
welder: 


Voltage drop from 


single machine, “ ye 7 8 10 11 12 15 18 
Number of good welds 
per poor weld ........1000 14070 40 20 12 7 6 


This shows definitely that even a moderate-sized 
plant must expect many poor welds when working at 
high speeds, unless voltage drops are kept in bounds. 

The seriousness of poor welds depends on stress dis- 
tribution and back-up strength in case of individual 
weld failure; and on how critical the service may be. 

| In this case, the basket structure distributes the 
stress well between joints—the manufacturer prides 
himself on high-quality wares. Therefore he looks with 
disfavor on more than 1 to 2% poor welds. 

' Calculations that take account of welds spoiled by 

‘ simultaneous hitting of two, three or more welders show 

‘this in relation to quality: 


i Number of Good Welds per Poor W eld 

200 kva. 100 kva. 

Largest welder (600-kva. demand ) (400-kva. demand ) 

lo 30 lg 

a Con D 80 500 80 500 
or Aon C 3000 20 8000 60 


' Thus, the three-phase system has the edge: it 
passable for cross C on D and very good for A on C; 
Whereas although single phase is excellent for C on D, it 

poor for A on C when A is a 200-kva. machine and 
_ marginal for this “cross’’ when A is a 100-kva. 
Welder. 

As to “control” voltage drop, the worst cases (AB on 
A, ABC on A) are eliminated by interlocking the two 
largest machines; and other cases divide evenly be- 


tween 3¢ and 1¢. 


Ss 


H. Future Growth 

A final decision cannot be made without considering 
the effect of future additions. Since the 3¢ system’s 
advantages depend on the semi-isolation of the two 
large welders, the addition of one large machine with 
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Therefore no AB load combinations are prestnt to affect control when 


resultant impyvacticability of interlocking, would change 
the preference to 1¢@ without question. Careful study of 
expected production showed that the two large welders 
should carry all the load for this department in the 
foreseeable future. 

Therefore, the advantages of the 3¢ supply can be 
realized; and this method was adopted. 


CONCLUSION 


For the combination of two large and more smaller 
welders operating under this particular set of condi- 
tions, a three-phase, 240-v. power supply with cabled 
leads was selected because: 

1. Careful choice of machine for each job permitted 
reduction of demands in the worst cases. 

2. Service lines could be made short enough so that 
voltage drops were within reason. 

3. Readily available cable could, with interleaved 
configuration, save time and money and cause very 
little voltage drop. 

4. Cost of installations was minimum at 240 v. be- 
cause welders on hand were wound for this voltage. 

5. Three-phase will produce somewhat better weld 
quality as long as there are only two outstandingly 
large machines, and can be changed to single phase if 
more large welders are to be added later. 

The installation was made as recommended, and an 
improvement immediately noted over the old location, 
in weld quality and in production rate. 

This solution must not be taken as a general recom- 
mendation for power supply for welders. It suits the 
problem at hand. As new inquiries develop, the facts 
must be collected and analyzed for each case. 
the ideas that were considered and used in this study 
may be completely unsuitable to others; and, on the 
other hand, certain other approaches may provide the 
correct solution for different requirements. 

For civilian or military production, let us get the 
installation of welders that yields the highest quality, 
fastest production, with greatest economy. Coopera- 
tion does it! 


Some of 
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Aircomatic Welding Refinery Components and 


ressure Vessels 


by Stephen A. Yaczko 


ACK in the early 1900's, at the outset of welding, 
the process consisted mainly of carbon are with 
chips of parent material or upset edges acting as 
resultant weld deposit. 

A fair amount of relatively good welding was done 
but considerable difficulty was had. It was discovered 
that these difficulties were caused by the presence of 
the atmosphere over the molten puddle; therefore, 
thought was given toward means of protecting the are, 
either by excluding the atmosphere or by providing a 
shield. 

Bare electrodes, then powdered-, paper- and as- 
bestos-wound electrodes were used, again with some 
success but this was not yet the answer. Flux-coated 
electrodes as we now know them were developed and 
progressively improved to their present form. Both 
the slag and the evolved gases formed an envelope to 
protect the are and the fluid metal. The idea of cover- 
ing the are with a granular flux was conceived and de- 
veloped to its present-day use for the welding of both 
light- and heavy-gage metals. But this was not the 
complete answer since the problem of high-speed weld- 
ing of aluminum and stainless alloys along with other 
nonferrous alloys was not yet solved. 

Work on the gas envelope continued throughout this 
same period and the use of argon, helium and carbon 
dioxide independently or in combination with hydrogen 
or carbon monoxide was tried, each bringing their own 
complications. The use of nitrogen for shielding was 
also examined and abandoned due to the effects of 
nitriding. 

As a result of the foregoing work and evidently an 
even larger amount of additional research work, the 
development of the Aircomatic* welding process was 


Stephen A. Yaczko is presently connected with the United 
Engineer & Constructors, Inc., Philadelphia, Pa., and was formally employed 
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* Shielded inert-gas metal-are welding. 
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§ Procedures for welding stainless, stainless clad steel, low-alloy steel and 
copper-alloy pressure vessels by the Aircomatic welding process are described 


Refinery Equipment 


evolved. The use of this process was made available 
to industry and as a result it is the intention here to con- 
vey to you the work done at the M. W. Kellogg Shops 
utilizing this process and equipment. 

The Kellogg Co. has long been engaged in the manu- 
facture of refinery components. The trend recently has 
been toward the use of alloy and alloy-clad materials in 
the fabrication of these lines. 

On one job Type 410 alloy cladding on A201 Grade 
B steel was welded by means of the shielded inert 
gas metal are process. The procedure, briefly, was as 
follows: 

(a) The plate edges are burned, clad-side down and 
beveled as shown in Fig. 1 (A). The bevel is such 
that after rolling an included angle of 60 degrees with 
a nose of '/,. in. extending above the cladding is had. 
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Fig. 1 Procedure for welding alloy-clad steels 
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(b) The plate material is then joggled and rolled to 
diameter. The seam is rigged and tacked on the car- 
bon side. 

(c) The shell is then prepared for submerged-arc 
welding by root beading in the carbon side. The seam 
between the tacks is welded, the tacks removed and 
these areas rewelded. The electrode used is A.W.S. 
Type E6015. 

(d) The seam is then ground or brushed to remove 
slag, rust and furnace scale. 

(e) Submerged-are welding is used to complete the 
welding of the carbon-steel side and is deposited as 
shown in Fig. 1 (B). 

(f) The clad side is the U chipped to the depth of 
the alloy plus */3_ in. or to sound metal. Should the 
gouge be unnecessarily deep, the seam is acid-washed 
to assure removal of all traces of alloy and one bead of 
metal are, again using Type E6015 electrode, is de- 
posited therein. 

(g) Preparation for X-ray consists of grinding I.D. 
and O.D. 

(hk) The seam is then X-rayed and repaired if neces- 

sary. 
(t) Aircomatic welding with Type 310 filler wire is 
then used to fill gouge on the clad side of shell as shown 
in Fig. 1 (C). The deposition rate is approximately 
0.4 lb. per minute. 

(j) The deposit is then ground and the seam re- 
X-rayed. 

Figure 2 shows the Aircomatic welding of one shell 
while immediately adjacent to it preparations for X-ray 
of a completed seam are being made on another. 

Physical tests performed on shell test plates show a 
tensile strength of 65,000 psi. and an elongation of 38.8 
on a free-bend specimen carbon side out and 32.6% 
with the clad side out. 

Guided side-bend tests passed satisfactorily with no 


) sign of cracking or tearing at the junction of the weld 
and alloy or the junction of the weld, alloy and carbon 
steel. 


By using this process the M. W. Kellogg Co. has been 


; able to increase their welding speed by 400°. This 


method has resulted in the accomplished job being as 


Fig. 2 Welding and grinding alloy-clad shells 


Yaczko—Refinery Equipment 


Fig. 3 Welding of Type 347 shells 36 in. diameter 


good or better than the previous shells which were fab- 
ricated by the old process and has proved itself by an 
appreciable saving in time and electrode cost. 

This same job required the use of Type 347 material 
on the catalyst recirculating line. This line, when 
erected, was the only one of its kind in the country. 
The line pressure is relatively low but operating tem- 
peratures will reach as high as 1100° F. and erosion is a 
serious problem. 

Shells forming this line are */s in. thick, 36 in. in 
diameter and when erected will be 100 ft. in length. 
Figure 3 shows one of these components being welded. 
The filler wire being used is Type 347. The welding 
current was 225 and 300 amp. for the first and second 
pass respectively. Cracking on this thickness mate- 
rial was not experienced and extremely sound deposits 
were made. 

The groove preparation was as shown in Fig. 4 (A) 
with a 60 degree included angle and a '/, in. nose. 
No root opening was desired but due to some variation 
in cutting and possibly uneven stretch in forming, the 
root opening varied from 0 to */3. in. Because of this 
condition, it was deemed advisable not to aim for full 
penetration from the top side but rather to bridge the 
gap and fill the groove with weld on the O.D. of the 
shell (Fig. 4 (B)) and chip to sound metal on the I.D. and 
weld the inside (Fig. 4 (C)). 

Here it is estimated that of the welding process, the 
welding speed was five times that of manual metallic 
are welding. 


SHIELDED INERT GAS METAL ARC 


The manufacture of pressure vessels of Type 347 
material to the A.S.M.E. Power Boiler Code, Class I, 
has recently been started at the Kellogg Shop. The 
vessel shown in Fig. 5 is 36 in. diameter and 1 in. thick. 
It was ultimately to be used as a container for white 
fuming nitric acid at 1500 lb. pressure and a tempera- 
ture of 650° F. The longitudinal seam and circle 
seams have been shielded inert-gas metal arc welded 
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Groove PREPARATION 


Figure (4) 

Proceoure for Wepoins OD 
Figure 4 (B) 


FPRoceoure FoR Suece 1D 


Figure 4 (C) 
Fig. 4 Procedure for welding Type 347 


using '/i. in. diameter Type 347 filler wire. This shell 


was prepared with a 60 degree included angle and !/;¢ in. 


nose; the root opening was 0-—*/3. in. The procedure 
for welding was similar to that used for the long seam 
welding of the catalyst lines as shown in Fig. 4. 

Considerable difficulty was observed in the welding 
of test plates for the job since the depth of the groove 
was such that the gas-shielding cup was almost in con- 
tact with the work. Subsequent X-ray showed con- 
siderable cracking in the deposited weld. 

The procedure was repeated, varying current values, 
travel speeds and method of layer deposition on three 
additional test plates but similiar defects were found 


Fig. 5 Pressure vessel of Type 347 material 
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Fig. 6 Evidence of copper contamination in Type 347 10. X 
Nital etch 


in each. A micrographic study was made. Figure 6 
shows some of the results of this study. Copper con- 
tamination was found which probably resulted in an 
extremely crack-sensitive deposit. It was later ob- 
served that because of the necessity of holding the gun 
so close to the work small droplets of spatter would 
build up on the cup and then drop off into the puddle 
probably carrying small bits of the copper along with it. 
With this in mind the wire feed was increased in an 
effort to keep the cup higher; however, some spiraling 
was experienced. The condition was finally corrected 
by cutting short the shielding cup and allowing the con- 
tact tube to extend '/, in. outside the cup. This gave 
good wire guiding and contact and also an excellent 
degree of shielding since the side of the groove then 
acted as a trough to contain the argon gas. 

A number of smaller vessels of */s-in. thickness, 13 
in. diameter and 32 in. long are now under fabrication 
using a welding procedure similar to that used on the 
1-in. thick shell. 

Along with the routine physical tests of tensile and 
bend bars required for these vessels, impacts, the Strauss 


Fig.7 Type 316 heat-exchanger shell 
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test and a corrosion test in white fuming nitric acid were 
also made and proved to be satisfactory. 

Heat-exchanger shells of Type 316 material of many 
sizes have been welded in our shops using the Airco- 
matic welding process. Figure 7 shows one of these 
shells. They are 10 in. in diameter, */s in. thick and 12 
ft. long. The welding procedure consists of sliding the 
shell over a steel beam, the top of which has been 
fitted with a copper backing bar, and welding from the 
outside only. The groove in the copper measures 
*/s9 in. x */g in. These welds have been subjected to 
X-ray examination and zyglo or the oil-powder method 
of inspection have resulted in sound deposits. 

For service with sea water various heat-exchanger 
components offer a serious corrosion problem. It has 
been common practice to lead-line these members, 
namely: channels, channel covers and floating tube 
sheet covers. However, the lead is very susceptible to 
scarring in way of the gasket surface and generally the 
gaskets are not pliable enough to fill these voids and 
make a pressure-tight joint. As a result, after having 
torn down the unit for inspection it was necessary to 
reline all gasket surfaces with lead. It was therefore 
suggested that a silicon or aluminum bronze be applied 
to this area. Either of these materials would provide 
satisfactory corrosion resistance and both are inherently 
tough enough to withstand minor impact without mar- 
ring the surface. This problem, although outwardly 
simple, presents considerable difficulty, one possible 
solution being the welding on the I.D. and O.D. of an 
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Fig.8 Welding details for lined heat-exchanger compo- 
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Fig.9 Positioning of heat-exchanger component 


annular ring to act as the gasket surface. However, 
in the application of the lead on the inside of the chan- 
nel body the Everdur ring was found to have become 
very badly warped. 

The next step was the deposition of an Everdur weld 
on the carbon steel in this area (Fig. 8 (A)). Metallic 
are was tried with not too much success. Porosity and 
cracking were very prevalent. The use of the Airco- 
matie welding process using a high voltage, low current 
and slow travel speed proved to be the answer. It was 
found that excessive penetration brought chunks of 
iron up into the weld and resulted in an extremely hard 
and brittle deposit. The penetration obtained by using 
the foregoing values was approximately '/s, in. Slight 
oscillation was employed with the gun pointing in the 
direction of travel. 

For the fillet welding of the baffle (Fig. 8 (B)), 
which is diametrically across the channel, aluminum 
bronze welding wire was used. Everdur was tried, but 
possibly due to the restraint, cracks extending the full 
length of the fillet were experienced. 

Nozzle faces were lined using the same procedure as 
was used on channel flanges (Fig. 8 (C)). In this in- 
stance it was necessary to build out a square edge to 
the I.D. of the nozzle. A '/, x 1-in. flat bar bent the 
hard way served as a chill ring permitting a bead of 
weld metal to be deposited on this edge. 

Figure 9 shows the positioning of a heat-exchanger 
channel. The operations done on the channel in this 
position are: The metal-are welding of the outside 
nozzle fillets, the flame gouging and, semiautomatic 
welding of the inside and Aircomatic welding of the 
baffle fillets. Prior to this setup the nozzles would 
have been overlaid with Everdur and subsequent to 
these operations the channel flanges will be counter- 
bored to make way for the required Everdur deposits. 
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Aircomatie welding of low-alloy, high-strength steels 
has been investigated to some extent with the use of 
4320, 4330, 6130 and chromansil filler wire; some pre- 
liminary data gives promising results; however, no de- 


cisive conclusions have been drawn as yet. 
In the future, it is expected that additional work re- 
One of the 


quiring the use of this process will be done 


jobs is a main steam line for a 2600 |b. pressure and 
1100° temperature installation wherein the material 
will probably be Type 321. Another of the uses will be 
the fillet welding of Type 410 material to carbon steel 
using Type 310 filler metal. This particular job has 
approximately 5 miles of double *  j.-in. fillet welds to 


be made. 


by R. H. English 


HE use of high-alloy castings would be severely 
limited without the subsequent fabrications into 
working units by welding. 


EARLY APPLICATIONS 


The earliest application of welding to these high 
alloys was in the repair of casting defects. Cast rod of 
the same analysis as the castings were coated and used 
in the shielded-metal-are process. From this experience 
much was learned about the technique of welding. 
Probably the first application of welding to construc- 
tion of high-temperature units was the welding of disks 
to conveyor shafts in continuous heat-treating furnaces. 
Another early application was the welding of cast sec- 
tions into pack carburizing boxes. While these welds 
were not required to be gastight, they did withstand 
many cycles of heating and cooling in atmospheres 
varving from air to carbon monoxide. 


GENERAL TYPES 


Some knowledge of these high alloys is essential to 
weld these materials successfully. There are three al- 
lovs used extensively in the temperature range to 1500 
to 2000° F. These are classified by the Alloy Casting 
Institute as the HH type, 25°, chrome 12% nickel; the 
HK type, 25°% chrome 20% nickel; and the HT type 
15% chrome 35°; nickel. 

The HH type has been used extensively in oxidizing 
and neutral atmospheres at temperatures up to 1900° F. 
It has also proved very successful in sulphur-bearing 
flue gases. This alloy can be either completely austeni- 
tic or partially ferritic by adjusting the composition. 
The austenitic grade has much better load-carrying 
ability and resistance to thermal fatigue while the lower 
nickel partially ferritic grade has better resistance to 
the sulphur-bearing flue gases. At 2000° F. this alloy 
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® Common types of high-alloy castings used for high-tem- 
perature work and welding procedures for their fabrication 


has an oxidation rate of about 0.050 in. penetration per 
year in air. The partially ferritic grade is quite suscep- 
tible to sigma formation when heated for any length of 
time between 1050 and 1650° F. Loss of room-tem- 
perature ductility and ease of welding accompanies this 
sigma formation. Preheating to 1000° F. has aided in 
the prevention of cracking during welding when sigma 
has been present. However, when it is feasible, much of 
the original ductility can be restored by heating to over 
1800°, holding for about one hour and cooling at a rate 
of over 750° F. per hour to below 1000° F. In the ab- 
sence of sigma, no preheat is necessary for this type of 
alloy. It is usually welded with Type 309 rod or rods so 
adjusted in composition as to match the chemistry of 
the parent metal. 

The HK type has found some application at tempera- 
tures around 2000° F. in highly stressed parts. It has 
also had a limited trial in carburizing parts not sub- 
jected to thermal fatigue. This grade can also develop 
sigma dependent on composition. A test has been de- 
veloped by Battelle Memorial Institute for the Alloy 
Casting Institute in which the alloy is held at 2250° 
for 30 see. and water quenched. Magnetic samples or 
samples with a magnetic permeability significantly 
over 1.002 uw can develop sigma if heated for a sufficient 
length of time between 1000 and 1650° F. This alloy 
has good load-carrying ability at temperatures up to 
2000° F. The oxidation rate in air at 2000° F 
proximately 0.035 in. penetration per year. This alloy 
has been successfully welded without preheating. A 


is ap- 


balance between the carbon and silicon has been demon- 
strated to be effective in preventing microcracking 
of the weld metal. 

The HT type has found extended application at tem- 
peratures up to 2000° F. in sulphur-free atmospheres. 
It has been very successfully applied in many car- 
burizing atmospheres. Of the three alloys this grade 
has probably the best thermal fatigue properties. It is 
considered to be austenitic. It has very good load- 
carrying ability at temperatures up to 1900° F. The 
oxidation rate in air at 2000° F. is about 0.05 in. pene- 


tration per year. Carbons up to 0.85% do not ad- 
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versely affect the high-temperature ductility. In car- 
burizing service the alloy will, however, carburize un- 
less about 1.60% silicon is present. This alloy does not 
have as much room-temperature ductility as the other 
grades because the carbon is usually maintained at a 
higher level than the other alloys. For this reason, pre- 
heating is advisable in some cases although it has been 
welded extensively without preheating. 

We have recently developed a new high-temperature 
alloy for the temperature range 2000 to 2150° F. This 
alloy has excellent load-carrying ability and oxidation 
resistance at these temperatures. It can be welded 
readily. In an installation of radiant tubes containing 
over 82 welds in thin-walled centrifugally cast tubes no 
weld failure has occurred after 4'/, yr. at these tempera- 
tures. 


WELDING PROCESSES 


These alloys described above are usually welded by 
the shielded-metal-are process with d.-c. reversed 
polarity. Lime- and titania-type coatings are used and 
of course it is essential they be kept dry. The lime 
coating has less chromium lost in the welding process 
but the slag is somewhat more difficult to remove. 
However, alloy additions are made to both types of 
coatings to bring the analysis of the weld metal to the 
desired level. It is particularly important for high- 
temperature joints that the slag be removed from each 
weld pass as these slags accelerate the oxidation rate of 
the metal when in intimate contact. 

Even where metal sections are between '/, and 5/;« 
in., such as in most assemblies where high heat-transfer 
rates are desired, '/,-in. diameter rods are used exten- 
sively giving fast metal deposit rates. Seldom is it 
necessary to go to smaller rods than °/ -in. diameter. 

Inert-gas-shielded metal-are welding with consum- 
able electrodes has been successfully used in welding 
these alloys. No slag or loss of alloys occurs to any ex- 
tent in this process. Obtaining coils of wire of the de- 

_ sired analysis has retarded the process in this particular 
field. However, the savings in metal recovery may 
spur the use of this process during this emergency 
period. The high-temperature properties of this process 
“are equivalent to the shielded-metal-are process. Bead- 
ing versus weaving in these alloys shows little difference 
‘in properties. Inert-gas-shielded metal-are welding 
owith tungsten electrodes has also been used to a limited 
‘extent. The submerged are process with automatic 
‘heads has been applied successfully to the welding of 
these high alloys. Oxyacetylene welding has also been 
used successfully. For the higher-carbon HT-type 
alloy a carburizing cone flame has been used, while a 
neutral or slightly reducing flame is used for the HH and 
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Figure 2 


Fluxes are usually used and are available 
However, the gas welding 


HK grades. 
in the form of dry powder. 
process is slower than the are process and is used only in 
light-gage material such as cast electric heating ele- 
ments. 


TESTING OF WELDS 


Operators are required to deposit sound meta!. Bend 
tests and macro-etch tests are used to determine the 
weld’s soundness. Sections of high-temperature welded 
joints are machined out and tested in stress rupture 
apparatus. Temperatures and stress are held constant 
at a desired level and the rates of flow and time to rup- 
ture measured. Cracking due to thermal stresses occurs 
naturally at sections which have the greatest thermal 
stress. Abrupt changes in cross sections develop the 
greatest stresses when cooled or heated at a rate over 
that at which temperature differentials can be equalized. 
In the case of the bell-spigot joint in pipe, the weld is 
such a maximum thermally stressed section. We are 
now conducting experimental work on the thermal 
fatigue of high-temperature welded joints. Such joints 
are given a slow-cycle thermal fatigue test. A complete 
joint is heated on an elevator in a furnace and lowered 
out of the furnace to a position where a jet of water 
hits the unit in a small area in an automatically timed 
cycle. By measuring the number of cycles it takes for 
cracking to occur it is hoped welding techniques and 
welding metallurgy can be evaluated. A simple canti- 
lever beam test for testing the strength of the welds at 
high temperatures has been developed in the author’s 
laboratory. A bar of alloy is cast, machined and welded 
as in Fig. 1. The bar is then machined to '/, in. diam- 
eter by 11 in. long, and inserted in a fixture as in Fig. 
2 with the maximum stress at the weld just adjacent to 
the fixture. The stress can be varied by adding heat- 
resisting weights as illustrated in Fig. 3. The fixture is 
then inserted in a furnace, heated to the desired tem- 
perature and the rate of deformation determined, by 
taking readings on the lowest part of the circumference 
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Figure 3 
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of the free end and a reference point in the furnace with 
a traveling microscope. Considering the bar as the 
base of a triangle and the deformation the altitude, then 
the angle alpha as shown in Fig. 3 is the tangent or the 
altitude/base, since for small angles the angle is equal 
to the tangent, and this angle in radians is used as unit 
deformation. It can be seen the maximum deforma- 
tion in the bar takes place at the fixed end which is in 
turn magnified by the length of the bar. Thus very 
small amounts of deformation can be easily and accu- 
rately measured. Using a gas-fired muffle furnace many 
such tests have been run over a period of ten years. 
These results show constant rates of deformation over 
long periods of time; essentially the same as an axially 
loaded creep test except this cantilever beam test ap- 
pears to be more sensitive. 


DESCRIPTION OF WELDED ASSEMBLIES 


F Probably the one unit in which welding has been used 
more than any other is the radiant-tube assembly. 
Such assemblies are shown in Fig. 4 and Fig. 5. The 
welds must be gastight and have strength and oxidation 
resistance equal to the parent metal. With the proper 
procedure gastightness can be easily obtained. Each 
unit is tested under 80 Ib. air pressure before being in- 
stalled. Such welds have remained gastight over long 
periods of time at elevated temperatures. The units are 
mounted in a furnace and internally fired with gas. 
The heat is radiated to the work which is usually sur- 
rounded by a protective atmosphere. These gas-fired 
units have been used in a field which was once strictly 


Fig. 4 Alloy radiant tubes and tube-support castings 


Radiant -tube assemblies 


Fig. 5 
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Fig. 7 Carburizing retort 


Fig. 8 Head and tail shafts for continuous shell-casing 
annealing furnace 


Fig. 9 Shafts for continuous armor-plate heat-treating 
furnace 


Fig. 6 Retort for gas-fired furnace 
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“Wrought Aluminum Alloys, M. Cook. 


Fig. 10 Oil-still tube sheet 


limited to the electric heating element. In certain cases 
these units have replaced direct gas-fired furnaces with 
sand-sealed annealing covers. They have also made 
possible the gas-fired continuous sheet annealing fur- 
nace. 

Retorts and muffles are another example of castings 
joined by welding and are shown in Figs. 6 and 7. Too 
large for casting integrally, sections are cast separately 
and welded together. Here again it is essential that the 
welded joints be gastight and remain gastight at high 
temperatures in various chemically reactive atmospheres 
such as carburizing and flue gases. 

The use of welding has improved the life of conveyor 
shafts for metallurgical furnaces in many cases. These 
units are shown in Figs. 8 and 9. The ends are usually 
static cast and the barrel or work area is centrifugally 
This unit was formerly static cast in one piece, 
but due to the difficulty in obtaining soundness through- 


cast. 


out the entire casting the barrel has been made free 
from internal shrinkage by centrifugally casting. Longer 
life has resulted from this type of construction. The 
trunions are sometimes insulated and operate outside 
the furnace. Carbon-steel trunions have in these cases 
been welded to the centrifugally cast high-alloy barrel 
thus saving scarce alloys. 

Figure 10 is an example of an oil-still tube support. 
It can be seen this unit was cast in two sections and 
joined by welding. 


CONCLUSION 


There are very few high-alloy castings in which weld- 
ing is not used for fabrication into working units. 
Welding has opened new fields for these alloys. Bolting 
and riveting has been largely replaced at these high 
temperatures by the lower cost of welding processes. 

The metallurgical, petroleum and power industries 
have made use of these combinations of castings and 
weldments for superior longer-lasting units. 
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ircomatic Weld 


by W. G. Benz, Jr., and J. S. Sohn 


Abstract 


This report presents the results of an investigation of the me- 
chanical properties and resistance to corrosion of austenitic 
chromium-nickel grades of stainless steel weld metal and welded 
joints deposited with the inert-gas-shielded metal-are process. 

The properties of weld joints and the weld metal contained 
therein compare favorably with the mechanical strength and 
corrosion resistance of welds of the same compositions deposited 
with Type 3XX_ covered electrodes. The 
weld metal deposited with the popular grades of 19 Cr-9Ni filler 
wires is at least 80,000 psi. with elongation values ranging from 
40 to 50%, depending upon the specific grade of this class of al- 
loys. Transverse guided-bend test bars containing these weld 

The keyhole Charpy 
impact strength ranges from 34 to 56.3 ft.-lb. at 75° F. and from 
16 to 32 at —320° F. for weld metal types 347 (19Cr—9Ni-Cb) 
and 308 (19Cr-—9Ni), respectively. 

The resistance of these as-welded deposits to corrosion in boil- 
ing 65% nitric acid and in boiling 1:8 copper sulphate-sulphuric 
acid solutions follows the general trends already shown for these 


tensile strength of 


metals withstood bending to 180 degrees 


types of weld metal when deposited from covered electrodes 
Briefly, types 308ELC, 308 and 347 as-deposited weld metals 
are satisfactory in both tests; Type 310 is satisfactory in the 
Huey tests but not in the copper-sulphuric test. Type 321 has 
borderline resistance to corrosion in the boiling nitrie acid test 


and has satisfactory resistance in the copper-sulphuric § test 


Type 316 has unsatisfactory resistance in the Huey test. 


INTRODUCTION 


HE Aircomatic welding process was described 

a paper presented by Sohn and Kugler! at the an- 
AMERICAN WELDING So- 
Since that time several 


nual convention of the 

CIETY 1948. 
papers?~‘* have been published describing the principles 
of the process, properties of weld metals and welded 
joints, and specific applications of this type of welding to 
the fabrication of many products ranging from alu- 
minum window frames to stainless steel pressure vessels. 
Although most of the reported data describe the alu- 
minum phase of this process,other metals such as copper, 
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® Mechanical properties of an austenitic chromium-nickel 
grades of stainless steel weld metal and welded joints 
deposited with the inert-gas-shielded metal-arc process 
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ainless Steels 


copper alloys, steel and the chromium-nickel stainless 
steels are now being fabricated successfully with this 
process. 

Briefly, the process may be described as a relatively 
high-speed semiautomatic, or automatic, welding opera- 
tion in which an electric arc (direct-current, reverse- 
polarity) is maintained between the workpiece and a 
small-diameter continuously fed bare consumable elec- 
trode. The portion of the electrode in the vicinity of 
the are and the molten metal are protected from expo- 
Kither of 


argon and 


sure to air by an inert gaseous atmosphere. 
the two more common monatomic gases, 
or a mixture of the two, is normally used for 
The size of the consumable electrode 
ranges from 0.035 to 0.125-in. di- 


helium, 
shielding the are. 
or filler wire usually 1 
ameter, depending upon the particular application. 
of the novel but important features of the process is the 
use of relatively high currents with these small-diameter 
filler For example, the recommended current 
range for 0.035-in. diameter, Type 308 (19Cr — 9Ni) 
wire starts at approximately 100 and extends to 180 
amp. and for 0.093-in. diameter aluminum bronze (92°; 
Cu —- 8% Al) wire, the range is 200 to 500 amp. 
high-current densities with resulting high-deposition 


One 


wires. 


These 


rates permit welding speeds considerably in excess of 
those normally attained in welding most metals with 
other Such a concentration of energy and 
the accompanying high rate of travel produce narrower 
heat-affecting regions in the base plate. This is partic- 
ularly advantageous when fabricating alloys which have 
been heat treated prior to welding and will not be heat 
treated after welding. 
gas-shielded metal-are welding is not within the scope of 
this paper; however, for further details of this process, 
attention is directed to the recently published article by 
Muller, Gibson and Roper.* 

During the past two years this method of welding of 


processes 


A general discussion of inert- 


the austenitic grades of chromium-nickel stainless steels 
has been developed and released to the welding industry. 
Specific process data, ranges of current and wire feed 
for specific applications have already been reported by 
Muller.‘ 
ment the data already presented by evaluating tensile 
and bend properties, impact strength at several temper- 


This investigation was undertaken to supple- 


atures, resistance of the weld metal to corrosion in 
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ition of Plate Material 
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boiling 65% nitric acid and in 1:8 copper sulphate- 
sulphuric acid solutions of the more popular types of 
austenitic Cr-Ni steels welded with this process. The 
specific filler wires used to prepare the welds are A.1.8.1. 
Types 308ELC (0.03C — 19-9), 308 (19-9), 310 (25 
20), 316 (19-12-—Mo), 321 (19-9-Ti), and 347 
(19-9-Cb). 

Since the effects of welding on the mechanical 
strength and resistance to corrosion of plate metal 
adjacent to the weld nugget have been diligently studied 
for many years and have been evaluated with reasonable 
certainty, this investigation deals primarily with the 
properties of weld metal, and to a limited extent with 
the properties of the welded joint without benefit of 
postwelding heat treatment. In many cases, however, 
specific thermal treatments are mandatory, either to 
enhance the properties of the structure or to render the 
material in a specific condition for testing, i.e., thermal 
stabilizing of welded structures is often required and 
welded joints and plate are subjected to a sensitizing 
treatment after annealing and before being subjected to 
the Huey corrosion test—therefore, the general effects 
of several kinds of postwelding treatments on the corro- 
sion resistance of these six alloys and the influence of 
these treatments on some mechanical properties of 
Type 316 (19 — 12— Mo) have been evaluated. 

Attention is directed to the fact that data presented 
in this paper comprise results of tests on welds deposited 
from a single, typical composition of each of the six 
alloys. It is possible that other compositions within 
the range usually specified for filler wires may have 
slightly different mechanical properties or corrosion re- 
_ sistance and may respond to heat treatments differently. 


Therefore, until more tests have been conducted on 
compositions within and without such a range and their 
results evaluated, the range of composition for each 
type of stainless steel filler wire for this method of 
welding is intentionally maintained within narrower 
limits to minimize the variation in properties for dif- 
ferent chemical compositions of filler wire of any one 
type. 


PREPARATION OF TEST PLATES 


In order to evaluate mechanical properties and re- 
sistance to corrosion of weld metal and welded joints 
deposited with each of the six austenitic chromium- 
nickel stainless steel filler wires, three types of specimen 
plates have been prepared. In each case, a filler wire 


was deposited on a matching grade of plate as follows: 


Plate Metal Filler Metal 


The chemical composition of each plate and each 
filler wire is listed in Tables 1 and 2, respectively. 

The first type of specimen plate is a multibead multi- 
layer pad of weld metal so deposited to minimize dilu- 
tion from the base plate. Successive beads were alter- 
nately deposited on both sides of a 6- x 3- x 0.5-in. 
plate until two 5- x 2.7- x 1.2-in. pads had been 


Table 2—Chemical Composition of Filler Wire and Deposited Metal 


Alloy 
Mn P 


0.011 
0.011 


0.021 
0.013 


ee ° 


o 


0.013 
0.018 


0.016 
0.023 


a5 88 


0.016 
0.012 


BS 


0.014 
0.014 


ecco 
#3 8 

= 

oo oc 

ae 


Ni Cr Mo 


10.32 20.31 
10.28 20.46 


9 94 20.94 
10.03 20.89 


22.05 27.49 
21.65 26.57 
12.67 19.06 
12.76 19.26 


10.52 18.58 
10.52 18.78 


0.023 9.96 20.82 
0.022 9.64 20.80 
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Alloy 

type c P Ss Ni Cr Mo Cb 

ie: 304 ELC 0.025 0.017 0.015 10.64 17.88 
304 0.06 0.49 0.019 0.015 9.06 18.85 0.06 

ta 310 0.069 0.18 0.021 0.013 20.28 24.17 : 

nee 316 0.060 0.54 0.020 0.015 13.28 17.51 2.54 

i 321 0.053 0.73 0.028 0.017 10.81 17.60 0 44 
= 347 0.04 0.30 0.017 0.011 11.41 18.97 0.62 

j 
AISI. type AISI. type 

304ELC 308ELC 

310 310 

316 316 

321 321 

sa 4 347 347 

Ss Ti Cb 

308 ELC 

Weld 1.57 0.35 0.019 
308 

Wire 1.75 0.47 0.021 

ae Weld 1.72 0.33 | 0.018 

310 

Wire 0.018 0.15 0.04 

Weld || 0.011 

31 

ire 0.022 2.51 
Weld || 0.017 2 54 0.09 
321 

‘ire 1.18 


Typical weld pad 


Fig. 1 


formed. 
and maximum interpass temperatures were maintained 
within the range of 75-100° F. Approximately two 
minutes after each pass was completed the pad was 
After cooling, the pad was dried 
These weld 


During preparation of these pads the preheat 


cooled in water. 
thoroughly before applying the next pass. 
deposits have not been made in strict accordance with 
the suggested practice described in “Tentative Specifi- 
cations for Corrosion Resisting Chromium-Nickel Steel 
Welding Electrodes” (A.S.T.M. Designation: A298- 
48T), because currents higher than those recommended 
in this specification are required for small diameter 
filler wires in this Aircomatic process. For example, in 
preparing pads for chemical analysis the specified cur- 
rent range for 0.062-in. diameter covered electrodes 
is 35 to 45 amp., whereas, the current range for 0.062-in. 
bare filler wire in Aircomatic welding is 175 to 275 amp. 
Obviously, with these high-current densities, no attempt 
was made to maintain the width of each pass to 1.5 to 2.5 
times the diameter of the filler wire. These pads were 
prepared using the Aircomatic manual unit with the 
following welding conditions. 


Current, amp. 255 
Are potential, v. 26-27 
Filler wire diameter, in. 0.062 
Filler wire speed, ipm. 145 
Deposition rate, lb./hr. 7.8 
Argon flow,* efh 30 


* Specially prepared argon was used for these welding operations 

Ten specimens for the Huey test and milling chips 
for chemical analysis were cut from one pad on each 
plate. Fifteen specimens for the copper sulphate- 
sulphuric test were cut from the other pad on each 
plate. 

The second type of specimen plate is a 0.5-in. single- 
vee butt joint welded as shown in Fig. 2. These plates 
provided material for all-weld-metal tensile specimens 
and keyhole Charpy impact-test bars. The all-weld- 
metal tensile test and the Charpy test, because the 
notch of the Charpy bar is located in weld metal, can be 
considered indicative of the strength of the weld metal. 
In the ensuing discussion, this type of welded plate will 
be referred to as a single-vee butt weld. 

The third type of specimen plate, representing a 
recommended kind of weld joint for this process, is a 0.5 
in. double-vee butt joint welded as shown in Fig. 3 
Transverse reduced-section flat-bar tensile and guided- 
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CURRENT, AMP 290— 300 
ARC EMF, V. 25—27 
WIRE FEED RATE,1LPM 194-206 
ARC LENGTH, IN. 5/32 -7/32 
TRAVEL SPEED, |.P.M. The) 
ARGON FLOW, C.F H. 50.0 


Fig. 2 Welding procedure for plates used to evaluate 
weld-metal tension and impact properties 


PASS NO. 2 
CURRENT, AMP 290-300 300- 310 
ARC EMF, V. 24.5 - 25.5 24.5-25.5 
WIRE FEED RATE, 180-200 200- 220 
ARC LENGTH, IN 5/32 5/32 
TRAVEL SPEED, |.P.M. 13.0 12 0 
ARGON FLOW, C.F H 50 50 


Fig. 3 Welding procedure for plates used to evaluate 
weld-joint properties 


bend test specimens were cut from these plates. Sec- 
tions were also cut from the plates for weld-joint corro- 
sion tests in boiling 65% nitric acid. Tests of these 
specimens can be considered indicative of the strength 
and corrosion resistance of the weld joint in contrast to 
the data obtained using the single-vee butt joint or the 
weld pad described above. These welded plates will be 
referred to as double-vee butt joints. 

Both the single- and double-vee butt joints were pre- 
pared using an automatic head embodying the essential 
features of the manual unit 

A specimen for macro- and microscopic examination 
was cut from each butt joint. A typical macrograph of 
each type of butt joint is shown in Fig. 4. 
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Fig. 4 Macrographs of typical welds in test plates 


RADIOGRAPHIC EXAMINATION OF TEST 
PLATES 


Each welded test plate was radiographed in accord- 
ance with the recommended ‘Technique for Radio- 
graphic Examination of Welded Joints,” Par. UW51, 
AS.M.E. Boiler Construction Code, Section VIII—Un- 
fired Pressure Vessels. As judged by the standard set 
of radiographs, all welds were acceptable. 


POSTWELDING HEAT TREATMENT 


Most of the data reported in this paper for this phase 
of the investigation comprise results of tests of as-de- 
posited weld metal and weld joints; however, to com- 
pare the mechanical strength and resistance to corrosion 
of the weld metal after postheat treatment, sections of 
the two types of butt welds deposited with T316 (19 
12— Mo) filler wire have been subjected to each of the 
following thermal treatments: 

2 hr. at 1300° F., air cool 

2 hr. at 1550° F., air cool 

0.5 hr. at 1950° F., water quench 

Anneal plus 2 br. at 1200° F., air 
cool 


Stress relieve....... 
Stabilize 
Anneal...... 
Anneal and sensitize 


Although these heat treatments are not conducted 

_ exactly as shown above in all cases in the welding in- 

_ dustry, direet comparison of the properties of welds so 
treated can be made with data reported by Schaeffler.® 


> 


CHEMICAL COMPOSITION OF FILLER WIRE 
AND WELD METAL 


_ The chemical composition of the filler wires used for 
this method of welding austenitic stainless steels is 
Mnominally the same as the base plate to be fabricated; 
however, the wire analysis must be maintained within 
narrower limits than are specified for plate or wire prod- 


ucts to prevent cracking of the weld metal during 


cooling. In the 19Cr-—9Ni grades of stainless steel 
filler wires the Cr-Ni ratio must be so balanced that a 
small amount of delta ferrite is formed in the deposited 
metal. Proper adjustment of carbon, silicon and phos- 
phorus is required for the 25Cr — 20Ni alloy to prevent 
weld metal cracking. The chemical compositions of 
the filler wires are listed in Table 2. 
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With the inert-gas-shielded metal-are welding process 
the elements in the filler wire are transferred with prac- 
tically 100% recovery. Titanium, hitherto not effec- 
tively transferred across an electric welding arc, is re- 
covered in amounts of from 60 to 100% of that in the 
filler wire. The efficiency of recovery depends largely 
on the amount of this element in the welding wire and 
upon the relative amounts of gases, such as oxygen or 
nitrogen, in the base metal —low titanium (0.2%) is 
recovered at about 60% whereas higher titanium 
(0.50%) is recovered at about 85%. 

Samples for chemical analysis were taken from the 
mid-section of the weld pads. The chemical analysis of 
each pad is listed as “weld” in Table 2. By comparing 
the analyses of “wire” and “weld,” complete recovery 
of C, Ni, Cr, Mn and Mois quite evident. By compar- 
ing the amounts of titanium in the wire and weld, it is 
quite clear that the recovery for this particular element 
is more than 85°. 

Attention is directed to the carbon content of ‘‘wire”’ 
and “weld” analyses of T308ELC. A maximum of 
0.03% C has been maintained in these deposits, an 
accomplishment which is not possible with standard 
covered electrodes. 


MECHANICAL TESTS 


All-Weld-Metal Tensile Tests 


Duplicate 0.252-in. diameter tensile specimens were 
machined from the single-vee butt welds as shown in 
Fig. 5 (A). These duplicate specimens of each of the 


& 0252-1IN DIA ALL-WELD-METAL TENSILE SPECIMEN 


8 CHARPY KEYHOLE SPECIMEN 


Fig. 5 Location of tensile and impact test specimens in 
weld joint 
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Table 3—Results of All-Weld-Metal Tensile Tests* (2.0- x 0.252-In. Diameter Gage Length) 


Yield 
strength 

Type of Postwelding (0.2% offset), 
weld metal treatment 10* psi 
308 ELC None 16.7 
308 None 52.6 
310 None 49 3 
316 None 51.6 
316 Stress relieved 16.0 
316 Stabilized 41.2 
316 Annealed 35.4 
316 Annealed and 34.9 

sensitized 

321 None 55.5 
347 None 66.2 


Ultimate 


tensile 

strength, Q% Elongation in—— Reduction 
10° psi. 1 in. 2 in. of area, % 
80.6 51.0 39.2 61.2T 
87.0 50.0 39.0 58.0 
83.4 44.0 33.5 47.0 
81.0 41.5 35.2 55.8 
80.1 412.0 34.8 55.3 
79.1 445 34.5 52 4 
74.4 57.5 50.5 4.9 
73.6 54.0 41.5 64.8 
85.7 44.5 34.5 61.8 
4.3 40.0 30.2 56.2 


* Averages of duplicate tests. 


t Reduction of area calculated using measured minimum and maximum diameters because reduced section was oval. 


six types of weld metal (T308ELC, 308, 310, 316, 321 
and 347) were tested in the as-deposited condition. In 
addition, duplicate blanks cut from additional T316 
(19-12-— Mo) butt welds were stress-relieved, sta- 
bilized, annealed and sensitized after annealing as 
After heat treatment, tensile speci- 
The 0.252-in 


diameter specimens were finished with a 2-in. gage length 


described above. 
mens were machined from these blanks. 


to accommodate an extensometer for autographic stress- 
strain records. The tensile strength, yield strength for 
0.2% offset, elongation in 1 and 2 in., and reduction of 
area are reported in Table 3. Because of the high de- 
formation, the “necked-down” area after testing ap- 
peared oval, therefore, reduction of area values were 
calculated using the average of minimum and maxi- 
mum diameter. 

All six types of weld metal, 308ELC, 308, 310, 316, 
321 and 347, without post-treatment, have tensile 
strengths in excess of 80,000 psi. with corresponding 
ductility as reflected in the elongation figures, Table 3. 
All show at least 40° in a 1-in. gage length. For a 
2-in. gage length (0.252-in. diameter) the elongation in 
2 in. ranges from 30.2% for Type 347 (19 -9~—Cb) to 
39.2% for Type 308ELC (0.03C — 19 — 9). 

Heat treating weld metal deposited from T316 (19 
12— Mo) filler wire decreases the tensile and yield 
strengths and increases the ductility as shown in Table3. 
The stress-relieving treatment decreases the yield 
strength from 51,600 to 46,000 psi. and increases duc- 
tility only slightly, if at all, 41.5 to 42%. Stabilizing 
at 1550° F. reduces the yield strength to 41,200 psi.; 
the elongation is increased to 44.5%. The major 
change occurs, as would be expected, upon annealing 
at 1950° F. The resulting yield strength has dropped 
to 35,400 psi., whereas the elongation increases to 57.5%. 
Sensitizing at 1200° F. decreases both yield strength 
and ductility of the annealed weld metal slightly. 


Notched-Bar Impact Tests 


Standard keyhole notched-bar Charpy impact speci- 
mens were cut from each single-vee butt joint as shown 
in Fig. 5 (B). The notch was machined in these bars 
along the weld metal center line perpendicular to the 
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plate faces so that the notch included a number of passes 
over the thickness of each specimen. Triplicate bars 
from each of the six types of weld metal in the as-welded 
condition and from plates containing the T316 (19 
12— Mo) weld metal which were heat treated after 
welding were tested at —320,—100,—40 and 75° F. All 
test bars were held 0.5 hr. at the test temperature prior 
to testing. 

The results of these impact tests are listed in Table 4, 
summarized in Table 4A, and shown graphically in 
Figs. 6 and 7. These data show that the impact 
strength of as-deposited weld metal at 75° F. ranges 
from 56 ft.-lb. for Type 308 (19-9) to 34.5 for Type 
347 (19-9~-— Cb); at —320° F., the impact strength is 
32 and 16 ft.-lb.; respectively. 

Impact tests of the heat treated T316 (19 — 12 — Mo) 
weld metal indicates quite clearly that excellent impact 
strength of the as-deposited metal is slightly enhanced 
by annealing at 1950° F. after welding. Short-time 
sensitization after anneal does not materially alter the 
strength of annealed T316 weld metal but stabilizing at 
1550° F. markedly decreases impact strength to rela- 
tively low levels. These trends hold for the complete 
range of test temperatures, —320 to +75° F. 

Similar impact tests on weld metals deposited with 
covered electrodes have been conducted by Thomas 
and Krivobok.* Results of these tests are listed in 
Table 4B and the data for T308, 310 and 347, deposited 


IMPACT STRENGTH, FT -LB 


| 
| 
l 
-250 -200 -100 ° 100 
TEMPERATURE, F 
Fig. 6 Influence of temperature on Charpy impact 
strength of as-deposited Type 308 ELC, 308, 310, 316, 321 
and 347 weld metals 
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Table <-tafluence of Temperature on lmpact Strength* of Austenitic Cr-Ni Steel Weld Metals 


Ferrite, % 
Weld Temperature of test, ° F. 
metal Heat treatment 75 —40 — 100 — 320 
As-welded 50 37 36 23 
42 35 30 30 
4s 36 26 
Av. 46.7 36.0 33.0 26.3 
Ae welded 47 25 
49 41 35 
56 i 42 36 
Av. 56.3 48 7 43.3 32 
aw Ne welded 585 48 45 20 
40 53 35 
46 40 25 
\v 30.3 447 26.7 
ai \e-welded 47.5 390.5 46 25 
47.5 44.5 36 21 
is 0 45 41 24 
Av. 47.7 43.0 41.0 23.3 
aw Stress relieved 43 34 
3s 31.5 
47 40 
Av. 42.7 35.2 
aie Stabilized 32 26 19 9 
30.5 28 21 9 
30 26 17 10 
Av. 26 7 19 93 
A\nnesled 45 4s 47 31 
57.5 42 49 34 
47 49 4s 28 
Av. 49.8 463 48 31 
Annealed and sensitized 42 36 
54 49 4s 39 
5S 4s 45 22 
Av 54 49 45 32 3 
821 As-welded 37.5 2s 3] 20 
44 30 26 9 
37.5 31 5 24 5 17 
Av 387 29 8 27.2 7 
847 Ae welded 34 31 75 
37 20 
R2 5 28 5 23 2 
Av 34.5 28 5 21 £ 
* Revhok harps Specimens 
Table of Impact Data (Aircomatic Welds) 
Wels Temperature tesi F 
metry Heal treatmen — — 
weldor 467 R 6 
am M3 447 43 22 
welder M3 MT 447 26 7 
Stet Qe 47 7 43 0 414 23 
ate Stree. rehewes 42 7 2 
Ste Stabilize: 35 7 10 ui: 
Annente 40 46, 3 3 
Annested ane sensit ime 43 
82 4e-welder ao 7 20 & 772 
47 B4 A DA 21 
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Fig. 64 Influence of temperature on Charpy impact 

strength of as-deposited Type 308, 310 and 347 weld metal 

(comparison of welds deposited with Aircomatic and with 
covered electrodes) 


the longitudinal axis of the weld) or to the fact that 
Aircomatic welds are generally cleaner, must be further 
investigated. 


Guided-Bend Tests 


Standard 1.5 x 0.375-in. guided-bend test bars were 
cut from 0.5-in. plates containing the double-vee weld 
shown in Fig. 3. The bars were cut from the 0.5-in. 
thick welded plate such that the longitudinal axis of the 


Table 5—Results of Transverse Guided-Bend Tests 


Weld 
Type of Post Angle of metal 
weld welding bend, elonga- 
metal treatment degrees tion, % 
308 ELA None 180 20.6 
308 None 180 20.3 
310 None 180 20 
316 None 180 23.3 
316 Stress relieved 180 22 
316 Stabilized 180 23.5 
316 Annealed 120 (180)* 24 
316 Annealed and 180 26 
sensitized 
321 None 180 18.9 
347 None 180 18.0 


Note: Triplicate specimens of each weld metal type were 
tested in the inenited condition, whereas only duplicate speci- 
mens were tested for each heat treatment of Type 316 weld metal. 

* All specimens withstood 180-degree bend without cracking 
except the annealed T316 weld metal which developed a few 0.06- 
in. long surface cracks at approximately 120-140 degrees; how- 
ever, these cracks did not propagate upon bending to 180 degrees. 
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Fig. 7 Influence of temperature on Charpy impact 


strength of Type 316 (19-12=Mo) weld metal 


test bar was perpendicular to the longitudinal axis of the 
weld. In machining these bars to 0.375-in. in thickness, 
equal amounts of metal were removed from each face of 
the test plate. The width of the weld metal on the ten- 
sion face of these test bars ranged from 0.4 to 0.5 in. 

All specimens withstood bending to 180 degrees. 
Annealed T316 specimens developed two to four 0.06- 
in. cracks at bend angles of 120 to 140 degrees; these 
small surface cracks did not propagate on further bend- 
The weld metal elongation ranged 
Cb) to 23.3% for 
condition as 


ing to 180 degrees. 
from 18% for the T347 (19-9 
T316 (19-12-— Mo) in the 
shown in Table 5. Apparently, stress-relieved T316 
at 1300° F. decreased in weld metal ductility slightly, 
whereas the other three postwelding treatments in- 


as-welded 


creased ductility. 


Flat-Bar Tensile Tests 


Full thickness reduced-section flat-bar tensile test 
specimens were taken from each of the 0.5-in. double- 
vee butt welds such that the longitudinal axis of the test 
bar was perpendicular to the longitudinal axis of the 
The weld reinforcement on each side was 
The tensile strength and elonga- 


weld joint. 
removed by grinding. 
tion values are reported in Table 6. 
weld metals have adequate strength and ductility to 
meet the specific requirements of the A.S.M.E. Boiler 
Code Specification for plate material. The as-welded 
and the heat-treated weld metals have tensile strengths 


In each case, the 


Table 6—Results of Flat-Bar Transverse Tensile Tests 


Type of 
weld metal 
308 ELC 
308 
310 
316 
316 
316 
316 
316 
321 
347 


Postwelding treatment 
None 
None 
None 
None 
Stress relieved 
Stabilized 
Annealed 
Annealed and sensitized 
None 
None 


Te nat le 
strength, 


Elongation % in Location of 


10° psi 1 in. 2 in. fracture 
84.5 78.7 63.3 Weld 

86.0 64.5 51.0 Plate 

77.8 39.3 40.8 Plate 

85.7 61.5 45.7 Weld and plate* 
87.1 50.0 37.5 Weld 

85.8 50.0 38.0 Weld 

81.6 64.0 44.7 Weld 

84.0 49.5 36.8 Weld and plate* 
80.7 67.0 57.7 Plate 

87.1 58.3 50.5 Weld and plate* 
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* One specimen failed in weld metal, the other(s) in plate metal. 
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in excess of 80,000 psi. except specimens of T310 (25 - 
20) which has a tensile strength of 77,800 psi. How- 
ever, failure occurred in the base plate, not in weld 
metal. Elongations reported for 1l-in. gage length 
range from 49.5% for sensitized T316 (19 —- 12— Mo) 
weld metal to 78.7% for T308ELC (0.03C — 19-9) 
weld metal; elongations reported for 2-in. gage length 
range 36.8 to 63.3°) for T316 and T308ELC, respee- 
tively. 


MICROSTRUCTURE OF WELD METAL 


As mentioned above, the chemical composition for 
austenitic chromium-nickel steel filler wires, except 
T310 (25 — 20), for Aircomatic welding, is so balanced 
that weld metal deposited in a pad will contain from 2 
to 10°) ferrite, the remainder being austenitic. The 
relative amounts of ferrite in these six weld metals were 
calculated using the “Constitution Diagram for Stain- 
less Steel Weld Metal.’” The ferrite content was also 
rated by a magnetic method in which the relative 
amounts of ferrite are indicated by the force necessary 
to withdraw a magnet from the specimen. Since 
metals deposited in weld joints are slightly diluted or 
enriched, depending upon the composition of base metal 
the relative amount of ferrite in each weld metal 
in the double-vee joint was again calculated after esti- 
mating the amount of dilution from the amount of 
plate metal melted. The plate metal melted was esti- 
mated by measuring the area of the weld metal in the 
double-vee joint and comparing this figure with the area 
to be filled by the weld metal. The calculated and 
rated amounts of ferrite in these weld metals are shown 
in Table 7. 


Table 7—Relative Amount of Ferrite in Weld Metal 


- Ferrite, 
—As-welded double-vee butt 
joints 
As-de } $y 
Weld metal weld pad magnetic 
type calculated* Calculated method t 
308 ELC 89 5-6 5.1 
308 7-8 7-8 48 
310 0 0 0.2 
316 2-3 1-2 1.1 
321 7-8 6-7 9.5 
347 10-11 7-8 9.2 


* Method satisfactory within 4%. 
t Relative rating, not absolute percentage. 


The microstructure of each weld metal was examined 
at magnifications of 500 and 1000 diameters after 
polishing and etching. The microstructure survey 
comprised (1) examination of the last pass deposited 
in the double-vee and single-vee butt welds, and (2) 
the structure of the previous passes which have cooled 
to room temperature and were reheated by subsequent 
passes. The microstructure of the butt welds is de- 
scribed in the following. 

The last pass microstructure of all six weld metals 
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(T308ELC, 308, 310, 316, 321 and 347), in both single- 
and double-vee butt joints, comprises austenite and 
ferrite. The amount of ferrite observed in these weld 
metals ranges from approximately 10% for T347 (19 
9—Cb) weld metal to a mere trace or occasional island 
in T310 weld metal. The relative amounts of ferrite 
correspond quite closely with calculated amounts except 
as follows: The ferrite of T321 (19-9 
tually higher than calculated because the ferrite forming 
propensity of titanium and aluminum have not been 
accurately evaluated. Calculations indicate the T310 
weld metal should contain no ferrite; however, what 
appears to be an occasional ferrite island has been ob- 
served. The amount of ferrite present in the last-pass 
deposits estimated from the microstructure is relatively 
the same as the calculated and measured amounts. 

The effect of the second pass weld on the microstruc- 
ture of the first pass in a double-vee butt weld is essen- 
tially the same, though less complex, as that produced 
by subsequent passes in a multipass single-vee butt 
weld. The following discussion is limited to double-vee 
butt welds. The second weld bead in these joints 
altered the microstructure of the first bead as follows. 
The portion of the first bead innermost in the weld 
groove was melted. Below this melted region the re- 
maining portion of the bead was subjected to a tempera- 
ture gradient ranging from the melting temperature 
(2600 — 2700° F.) down to a temperature level esti- 
mated to be between 700 and 1300° F. 

When the melted portion of the first bead solidified 
along with the entire second bead, part of the first bead 
closest to this melted region was heated to a sufficiently 
high temperature to dissolve part of the existing ferrite. 
This is evidenced by the smaller amount of ferrite pres- 
ent in this region as seen in the microscope at a magni- 
fication of 1000 diameters. Below this region, carbide 
and possibly sigma are formed. In the 19 - 9 grades the 
carbide forms along the interface of the ferrite-austenite 
boundaries, whereas, in the 25 — 20 grade the carbide 
forms an almost continuous chain in the austenite grain 
boundaries. The microstructure of the final pass in the 
double-vee butt joints is shown in Fig. 8. 

The influence of heat treatment on the microstructure 
of T316 (19—12—Mo) weld metal has been investi- 
gated. Again the discussion, for simplicity, will be 
limited to the two-pass welds. 

From above, as-deposited Type 316 (19 —- 12 — Mo) 
weld metal in the double-vee butt joints comprises a 
region of austenite containing approximately 2% fer- 


Ti) is ac- 


Table 8—Infiuence of Heat Treatment on Relative Amount 
of Ferrite in Type 316 (19-12-Mo) Weld Metal 


Ferrite, %* 
1.1 (2% caleulated) 
0.1 


Heat treatment 


None (as-welded) 
Stress relieved 


Stabilized 0.05 
Annealed 0.11 
Annealed and sensitized 0.08 


* Relative rating by magnetic method. 
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Fig. 8 Microstructure of six as-deposited austenitic chromium-nickel weld metals 


rite, another containing approximately 1° ferrite, and 
still another containing the original 2°% ferrite in which 
some carbide and, possibly, submicroscopic particles of 
sigma, have formed. When these regions are subjected 
to a stress-relieving treatment, 1300° F. for 2 hr. fol- 
lowed by air cooling, carbide and sigma precipitate in 
the ferrite. In regions of lower ferrite content, the 
carbide and sigma also precipitate in string-like fashion 
between long narrow columnar grains. The stabilizing 
treatment at 1550° F. further precipitates the carbide 
and sigma which at the same time coalesce, thereby 
breaking the continuity of the string-like formation of 
carbide in the low ferrite regions. 

Annealing at 1950° F. dissolves carbide, sigma and an 
appreciable quantity of the original ferrite. Sensi- 
tizing after annealing precipitates carbide and sigma in 
the small ferrite patches and to some extent along aus- 
tenitic grain boundaries. 

The general effects of heat treatment on the as-de- 
posited microstructure of T316 are shown in Fig. 9. 

Magnetic measurements indicating the relative 
amounts of ferrite present in these welds, Table 8, sub- 
stantiates the results of the metallographic examination 
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and show more clearly the influence of heat treatment on 
sigma and ferrite. In the following discussion the region 
of the weld containing 2% ferrite (magnetic rating of 1.1) 
will be considered. Upon stress relieving, the magnetic 
rating drops to 0.1 indicating that sigma in forming has 
consumed part of the ferrite. The magnetic rating 
further drops to 0.054 on stabilizing at 1550° F. After 
annealing there is an increase in magnetic rating to 0.11 
indicating that sigma has transformed to ferrite again. 
The relative amount of ferrite is lower after annealing 
than was observed in the as-welded specimen. Appar- 
ently, more delta ferrite is retained in weld metal after 
deposition than can be retained after heating to 1950° 
F. followed by quenching. 

Sensitizing at 1200 ° F., as indicated by the magnetic 
measurement, does not markedly decrease the relatively 
small amount of ferrite present. If sigma does form at 
this temperature in the presence of such small quantities 
of ferrite, it apparently exists as mostly submicroscopic 
particles in the grain boundaries 

In order not to confuse the discussion of the sigma 
behavior, the role of the carbide has been omitted. 
Actually, at the stress-relieving temperature, carbide 
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precipitates at the ferrite-austenite boundaries and in 


_ the ferrite. At the stabilizing temperature, 1550° F., 
' the carbide tends to agglomerate. Upon annealing at 
» 1950 - 2000° F. the carbide dissolves and remains in 


solution after quenching. Sensitizing again precipi- 
tates the carbide at the ferrite colonies and in the aus- 
tenite grain boundaries. 


CORROSION TESTS 


_ As stated above, the chemical composition of the 

| 19Cr - 9Ni types of filler wires (T308ELC, 308, 316, 

| 321, 347) is specifically balanced to produce ferrite in 
weld deposits ranging in amount from 2 to 10%, whereas 
Type 310 alloy is controlled to produce completely 
austenitic deposits. Such balance is required to pre- 
vent the weld metal from cracking during cooling im- 
mediately after deposition. The same _ restrictions 
apply for covered electrode compositions. Because the 
chemical composition and microstructure of metal de- 
posited by both processes is essentially the same for any 
one type, the corrosion resistance of Aircomatic welds is 
essentially the same as that of welds deposited with 
covered electrodes. 
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Although the behavior of the weld metal follows the 
same general pattern with each process, preliminary 
estimates show that this method of welding with its 
highly concentrated are energy and attendant higher 
welding speeds produces narrower heat-affected regions 
than those resulting from welding with covered elec- 
trodes. This difference is significant when welding 
structures are fabricated without a postwelding stabil- 
izing or annealing treatment and placed in service in 
corrosive media. 

Before discussing the results of boiling 65% nitric 
acid and 1 :8 copper sulphate-sulphurie acid corrosion 
tests of austenitic chromium-nickel welds deposited with 
the Aircomatice process, mention must be made at this 
time that it is not the intent, nor within the scope of this 
paper, to explore the mechanisms of corrosive attack in 
these alloys or to evaluate the relative merits of the 
boiling nitric acid or 1 : 8 copper sulphate-sulphuric acid 
tests as measures of acceptance of this class of steels in 
corrosive media. Despite much controversy, these 
corrosion tests are widely used and considerable data are 
available with which the corrosion rates of austenitic 
chromium-nickel steel welds deposited with this process 
can be compared. 
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Huey Test 


Resistance to corrosion in boiling 65° nitric acid was 
evaluated in the two ways described below. In each 
case the “Tentative Recommended Practice for Boiling 
Nitric Acid Test for Corrosion Resisting Steels” 

A.S.T.M. Designation: A262-44T) 
reported corrosion rates represent the average for five 


was followed and 


48-hr. periods. 

Ten 2- x 0.5- x 0.25-in. bars were machined from 
one of the two pads deposited with each of the six types 
of filler wire. 
mens for each of the following conditions: 
stress relieved, stabilized, annealed and sensitized after 


These ten bars comprise duplicate speci- 
as-welded, 


annealing. 

2. Duplicate sections were cut, as shown in Fig. 10, 
from six double-vee butt welds, each containing one of 
the six types of weld metal. The wedge-shaped speci- 
men represents as-deposited weld metal. The trape- 
zoids represent weld metal and a portion of the heat- 
affected region on each side of the weld nugget. One 
pair of rectangular specimens comprise plate metal in 
the as-received or annealed condition; another pair in- 
cludes weld metal, heat affected region and unaltered 
plate material. Two additional similar pairs of ree- 
tangular specimens were tested; one was stabilized by 
heating to 1550° F. and holding at that temperature 
for 2 hr. after welding and the other was stress-relieved 
at 1300° F. for 2 hr. 


PLATE JOINT 
SPECIMENS SPECIMENS 
STABILIZED 
1550°F 
T 
| | 


|" STRESS RELIEVED 
1300°F 


AS RECEIVED 
OR 


| \ 6 
AS WELDED 
| it 
| AS WELDED 
AS WELDED 
1 
s 
ALL WELD-METAL SPECIMEN 5/16 
TRIANGULAR CROSS SECTION 
60°~ 
yA 
WELD PLUS 1/16 INCH OF PLATE --4 
SPECIMEN TRAPEZOIDAL CROSS 172 
SECTION + -}----- 
WELD PLUS 1/2 INCH OF PLATE ~ 
SPECIMEN RECTANGULAR CROSS 
SECTION 
NOTE- 


THE DIMENSIONS OF a SPECIMENS ARE THE SAME 
AS JOINT SPECIMENS 


Fig. 10 Location of plate and weld joint corrosion test 
specimens 
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Specimens from double-vee butt joints have been pre- 
pared in a manner similar to that described by Schaef- 
fler.® 


1:8 Copper Sulphate-Sulphuric Acid Test 


Fifteen 2-x 0.187- x 0.187-in. bars were machined 
from the other weld metal pad on each of the six plates. 
Duplicate bars were heat treated in the same way as 
described for the Huey test bars 
blanks cut from each pad were 0.12-in. oversize; after 
heat treatment they were machined to size. Duplicate 
8 copper sulphate-sul- 


In each case, the 


bars were placed in boiling 1 : 
phuric acid solution for 500 hr 
At the end of the 500-hr. period, 
around a 0.187-in. diameter pin to evaluate the corrosive 
effects of the sojourn of 500 hr. in this solution. These 
bend data were compared with the bending of a third 


each bar was bent 


bar of each series which was not subjected to the corro- 
sive solution. 

The corrosion resistance of all six weld metals (308- 
ELC, 308, 310, 316, 321 and 347) has been evaluated 
in the as-welded, stress-relieved, stabilized, annealed, 
and annealed and sensitized conditions in both corrosive 
media. 


CORROSION TESTS IN BOLLING 65% NITRIC 
ACID 


Type 308 (19Cr-9Ni) 


Weld metal deposited with Type 308 (19Cr - 9Ni) 
wire in multilayer pads and in two-pass butt joints ex- 
hibits excellent corrosion resistance in boiling 65°% nitric 
acid as shown in Table 9. Weld metal deposited in 
pads shows relatively little attack in the as-deposited 
condition and when stress-relieved, stabilized, annealed, 
or annealed and sensitized. Stress relieving at 1300° F 
apparently increases the corrosion rate of a 
weld metal from 0.0004 to 0.0007 in. of penetration per 
month (ipm.). Furthermore, stabilizing (heating to 
1550° F., followed by air cooling) increases the rate to 
0.0008 ipm. Upon annealing the rate drops to 0.0004 
and again increases to 0.0007 ipm. upon sensitizing after 
annealing by heating to 1200° F. for 2 hr. 

The weld metal from the two-pass butt joint, Fig. 10, 
exhibits a similar low corrosion rate, 0.0006 ipm., al- 
though not as low as that of weld metal from the pad 
0.0004 ipm. 

In the as-deposited state the weld metal plus heat- 
affected region specimens, Fig. 10, a low corro- 
sion rate, 0.0005 ipm.; weld metal plus heat-affected 
region plus base plate, Fig. 10, which was annealed prior 
0.0005 ipm. 


s-deposited 


lso show a 


to welding, exhibits the same low rate, 
These rates are sufficiently low to be considered as low 
as the corrosion rate of annealed Type 304 plate, 0.0004 
ipm. 

The postwelding thermal treatment to which these 
weld metals have been subjected does not increase the 
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Table 9—Influence of Postwelding Heat Treatment on Corrosion Rate of Austenitic Chromium-Nickel Welds in Boiling 
65% Nitrie Acid 


Corrosion rate, in. penetration per month 
Annealed 


and 
sensitized 


Stress 


Alloy As-welded relieved Stabilized 


Specimens of weld metal from Multilayer pad 
0 0004 0.0007 0.0008 
0 0004 0. 0006 0.0006 
0.0012 0. 0069 0.0010 
0 0022 0 0968 0. 0008 
0 0020 0. O108 0.0054 
0. 0006 0.0012 0.0012 


Specimens of weld metal from two-pass butt weld 

0 0006 

0.0007 

0 0008 

0.0039 

0. 0050* 

0.0006 ve 

Specimens of weld metal + heat-affected region from two-pass butt weld 

0.0005 

0 0006 

0.0009 

0 0020 

0 0028 

0 0007 
Specimens of weld metal 

0.0005 

0.0006 

0 0009 

0.0020 

0 0028 

0 0007 


Annealed 


0.0004 
0 0004 
0.0006 
0.0005 
0.0012 
0.0010 


0 0007 
0.0006 
0.0064 
0.0020 
0.0588 
0.0018 


ELC 


+ heat-affected region + base metal from two-pass butt weld 
0.0266 0.0030 
0.0018 
0.0392 
0.1490 
0 0317 


0.0016 0010 


Specimens of base plate 
0 0420 
0 0022 
0 0655 
0.115 
0 0372 
0.0012 


0018 
0009 
0030 
0229 
0128 
0010 


0.0004 
0.0007 
0.0003 
0 0012 
0.0008 
0.0006 


* Contained thin layer of heat-affected region (rate metal). 
Nore: 1. Postwelding treatments as follows: 
Stress relieve: 2 hr. at 1300° F., air cooled. 
Stabilize: 2 hr. at 1550° F., air cooled 
Anneal: 0.5 hr. at 1950° F., water quenched. 
Anneal and sensitize: Anneal plus 2 hr. at 1200° F., air cooled. 
2. For location of specimens from weldments other than pad see Fig. 10. 
3. Corrosion rates calculated on basis of average of weight lost in five 48-hr. periods and expressed as inches of penetration per 
month. 


corrosion rate materially; however, the corrosion rate 308. Specimens of weld metal plus heat-affected region 


of the weld metal plus heat-affected region plus base 
metal specimen is markedly increased when the weld- 
ments are stress relieved or stabilized after welding. 
The latter postwelding treatment is much less delete- 
rious than stress relieving as indicated in Table 9. 
Stabilizing increases the rate to 0.0030 ipm., whereas 
stress relieving increases the rate to 0.0266. Since the 
corrosion rate of stress relieved and of stabilized plate is 
0.0420 and 0.0018 ipm., respectively (Table 9), it is 
quite evident that Type 304 plate is more sensitive to 
these thermal treatments than is the weld metal. 


Type 308ELC (0.03C-19Cr-9Ni) 

Specimens of Type 308ELC weld metal were tested in 
the same way as Type 308 specimens. Specimens of 
weld metal pad and of the two-pass butt weld have 
essentially the same low corrosion rate as that of Type 
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plus base metal exhibit much lower rates than similar 
specimens of Type 308. In the 
stabilized conditions as shown in Table 9, the weld metal 


stress-relieved or 


plus heat-affected region plus base plate specimens 
which have been so heat treated after welding have the 
following corrosion rates. 


Corrosion Rates in Boiling 65% Nitric Acid (ipm.) 


Thermal treatment 
Stress 
relieved 
0.0420 
0 0022 


Weld metal Stabilized 
0.0018 


0.0009 


308 
308ELC 


From these data 308ELC appears to have superior 
corrosion resistance; however, this is not in accord with 
the weld metal observations described earlier. Inspee- 
tion of the corrosion rates established for the base plates 
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(Table 9) indicates that in either condition, stress re- 
lieved or stabilized, 304ELC plate has higher corrosion 
resistance, lower rate, than the higher carbon 304. 
Therefore, the higher corrosion rate of Type 308 weld 
metal plus heat-affected region plus base-plate speci- 
mens can be attributed to poor corrosion resistance of 
304 base plate. 


Type 310 (25Cr-20Ni) 


Specimens from Type 310 weld metal pad have 
higher corrosion rates than either 308 or 308ELC in the 
as-welded and in the heat-treated conditions, Table 9. 
The specimen representing weld metal from the two- 
pass butt weld shows excellent corrosion resistance 
(0.0008 ipm.) in the as-deposited condition. The weld 
metal plus heat-affected region and the similar one 
which includes base metal show essentially the same 
low rate, 0.0009 ipm. 

The corrosion rates of the pad and butt-joint weld 
metals are 0.0012 and 0.0008 ipm. The difference in 
rates may be attributed to the relative amount of car- 
bide precipitation. In the multilayer pad all or part of 
the cross section of the specimen may lie in a region re- 
heated by subsequent passes during which time the 
carbide precipitates and thereby lowers corrosion re- 
sistance in this acid. 

The corrosion resistance of weldments of this higher 
alloy, 25Cr — 20Ni, as reflected in measured values for 
weld metal plus heat-affected region plus base-metal 
specimens is of the same order of magnitude as that of 
Type 308. 

It appears that the higher carbon content (0.13° ) 
required to prevent this weld metal from cracking on 
cooling is more harmful than the added chromium and 
nickel is beneficial to corrosion resistance in the boiling 
65°, nitric acid. 

Stress-relieved and stabilized plate specimens also 
show high corrosion rates, 0.0655 and 0.0030 ipm., re- 
spectively. Annealed Type 310 plate shows excellent 
corrosion resistance, 0.0005 ipm. 


Type 316 (19-12-Mo) 


The corrosion rate of this alloy deposited in pads and 
subjected to boiling 65°) nitric acid increases from 
0.0022 to 0.0968 ipm. when the weld metal is stress re- 
lieved. Stabilizing reduces the rate to 0.0008 ipm. 
Sensitizing the annealed weld increases the rate to 
0.0020 ipm. 

The weld metal from the butt joint has a rate of 
0.0039 ipm., whereas the weld metal plus heat-affected 
region and the weld metal plus heat-affected region plus 
base-metal specimen have the same rate, 0.0020 ipm. 
Stress relieving the latter specimens markedly increases 
the rate to 0.1490 whereas stabilizing increases the rate 
of 0.0174. 

The base plate in the stress-relieved condition has a 
corrosion rate of 0.115 ipm. as compared to annealed 
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specimens having a rate of 0.0012 ipm. Stabilized 


plate has a rate of 0.0229 ipm. 


Type 321 (19-9-Ti) 


The corrosion rate of this alloy is generally higher 
than that of Type 308 or 308ELC and lower then that of 
316 under comparable conditions. 

The rate for as-deposited Type 321 weld metal is 
0.0020 ipm. Stress relieving the weld metal increases 
the rate to 0.0108 ipm., whereas stabilizing increases it 
to 0.0054. 
rosion rate to 0.0012 ipm. 
annealed weld metal produces an attack rate of 0.0588 


Annealing the weld metal decreases its cor- 
The sensitizing treatment of 


ipm. 

As-deposited weld metal from the butt joint shows a 
corrosion rate of 0.0050 ipm. The rate for the weld- 
ment sections (weld metal plus heat-affected region and 
the similar specimen containing base metal) is 0.0028 
ipm. Stress relieving the latter type of specimen pro- 
duces a rate of 0.0317 ipm. and stabilizing increases the 
rate to 0.0057 ipm. 

Annealed plate material of this alloy shows good 
corrosion resistance, rate of 0.0008 ipm. Stress-re- 
lieving plate material increases the rate to 0.0372 and 
stabilizing produces a rate of 0.0128 ipm. 


Type 347 (19-9-Cb) 


The corrosion resistance of Type 347 weld metal 
changes relatively little with the several treatments 
described above. All as-welded specimens, those com- 
prising weld metal, weld plus heat-affected region and 
weld plus he.t-affected region plus base metal, show a 
corrosion rate of 0.0007 ipm. or less. Stress relieving 
and stabilizing increase the rate to 0.0012 and 0.0016 
ipm., respectively. Sensitized weld metal from the 
multilayer pad bas the highest rate, 0.0018 ipm. 

Annealed plate and as-deposited pad samples have 
the same rate, 0.0006 ipm 

Boiling 65°% nitric acid solutions have been used to 
evaluate the corrosion resistance of the six types of 
stainless steel weld metals. The corrosion resistance of 
corresponding types of plate material have also been 
evaluated with the nitric acid test. 

Teeple* has evaluated the corrosion resistance of 
Types 304 and 316 welded with Types 308 and 316 elec- 
trodes, respectively, and Comstock® has evaluated 
Types 304, 321 and 347 welded with Types 308, 321 and 
347 electrodes, respectively (Table 10). The test 
specimens used by these two investigators were similar 
to the weld metal plus heat-affected region plus base 
metal test bars used by the authors. 

Type 304 plate welded with Type 308 filler metal has a 
corrosion rate ranging from 0.00208 ipm. (Teeple*) to 
0.0005 (Benz and Sohn). Comstock’s® figure of 0.0008 
ipm. agrees more closely with that found by the present 
authors. Teeple® did not list the weld metal composi- 
tion. The chemical composition of the Comstock*® 
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Table 10—Comparison of Corrosion Rates of Welded Plates 
in Boiling 65% Nitric Acid (as-welded) 


Corrosion 


Plate Weld rate, 
metal metal Investigator 
304 308 0.00208 Teeple 

304 308 0.00084 Comstock 

304 308 0.00050 Benz and Sohn 
316 316 0.00245 eeple 

316 316 0.0020 Benz and Sohn 
321 321 0.00232 Comstock 

321 321 0.00280 Benz and Sohn 
347 347 0.00075 Comstock 

347 347 0.00070 Benz and Sohn 


sample is essentially the same as that used for this paper. 
In similar specimens of Type 316 plate and weld 
metal, the corrosion rate in boiling 65°% nitric acid 
ranges from 0.00245 ipm. to 0.0020 ipm. as reported by 
Teeple® and by the authors. Comstock’ reports a 
corrosion rate 0.00232 ipm. for Type 321 as compared 
with the 0.0028 ipm. figure reported herein. Type 347 
welded plate has a corrosion rate of 0.0075 and 0.00070 
as reported by Comstock’ and by the authors. 

Bloom and Carruthers" report corrosion rates for as- 
welded Types 304, 316 and 347 which are in excellent 
agreement with those reported above. Binder and 
Brown" confirm the better corrosion resistance of Type 
304ELC over 304 when these are tested with a post- 
welding sensitizing treatment. 

The above comparisons indicate in a quantitative 
way that the “Huey” corrosion resistance of welds de- 
posited with this welding process in austenitic chro- 
mium-nickel stainless steels is equivalent to that of 
covered electrode deposits. 


CORROSION TESTS IN BOILING 1:8 COPPER 
SULPHATE-SULPHURIC ACID 


Type 308 (19Cr-9Ni) 


The 500-hr. exposure to boiling copper sulphate-sul- 
phuriec acid test solution did not attack this type of weld 
metal visibly in the as-welded, stress-relieved, stabilized, 
annealed, or annealed and sensitized conditions. 

Small fissures appeared when the stress-relieved and 
the annealed and sensitized test bars were bent around 
the 0.187-in. diameter pin after exposure to the acid. 
This corrosive medium did not induce _fissuring 
in the as-welded, stabilized, or annealed  speci- 
mens of this weld metal, for test. bars of each were bent 
to 180 degrees. 


Type 308ELC (0.03C-19Cr-9Ni) 


No visible attack was observed on test bars of this 
type of weld metal in the as-welded condition or in the 
bars subjected to any of the four postwelding heat treat- 
ments. Slight fissuring was observed on all test bars 
when bent to 180 degrees except on those which were 
tested in the as-welded condition and on one which was 
annealed. One annealed test bar contained a few fis- 
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sures at the 180-degree bend whereas the duplicate did 
not. 


Type 310 (25Cr-20Ni) 


The resistance to corrosion of this higher alloy weld 
metal in boiling copper sulphate-sulphuric acid solution 
is generally poor. Very severe attack was observed in 
the as-welded, stress-relieved and sensitized specimens. 
Excessive fissuring was also observed when these bars 
were bent. The bend angles ranged from 80 to 100°. 
The annealed test bars showed no visible attack, yet 
excessive fissuring occurred at a bend angle of 180 de- 
grees. Stabilizing at 1550° F. for 2 hr. increases the 
resistance to corrosion in this solution but it does not 
decrease the extent of fissuring. 


Type 316 (19Cr-12-Ni-Mo) 


The copper sulphate-sulphuric acid solution did not 
visibly attack the as-welded, stabilized or annealed 
A few small fissures were observed when 
Slight visible 


specimens. 
the test bars were bent to 180 degrees. 
attack and a few small fissures were observed in the 
annealed and _ sensitized Severe attack and 
larger fissures were observed in the stress-relieved 
specimens. The larger fissures appeared at bend angles 
of 115 and 135 degrees. Test bars not exposed to the 
boiling acid did not withstand bending as well as com- 
parable bars which had been exposed to the boiling acid. 
Apparently, this weld metal is quite sensitive to fissuring 
when the weld metal is stress relieved, stabilized or 
sensitized. The presence of micro-cracks might possibly 
cause this anomalous behavior in the bend test. 


bars. 


Type 321 (19Cr-9Ni-Ti) 


This titanium-bearing alloy is not visibly attacked 
although slight fissuring was observed at the 180-degree 
bend angle. The extent of the size and number of the 
fissures were not appreciably changed by any of the 
postwelding treatments or by the exposure to the acid 
after heat treating. 


Type 347 (19Cr-9Ni-Cb) 


The columbium-bearing stainless steel, Type 347, is 
also not visibly attacked by the acid; however, unlike 
Type 321, bending of test bars revealed severe fissuring 
in all specimens except in the as-welded condition. In 
this condition only a few small fissures were observed. 
The test bar which was not exposed to the acid and was 
bent in the as-welded condition developed fissures at a 
bend angle of 130 degrees, whereas both bars exposed to 
the acid in the as-welded condition bent 180 degrees 
with only one showing a small fissure. 

The corrosion effects of boiling 1:8 copper sulphate- 
sulphuric acid on these alloys has been evaluated and 
described in detail above, and listed in Table 11. 
Briefly, only Type 310 weld metal showed signs of rapid 
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Table 1l—Effects of Boiling 1:8 Copper Sulphate-Sulphuriec Acid, on Corrosion of Six Austenitic, Chromium-Nickel Weld 
Metals (Test Duration, 500 hr.) 


3808 ELC 


810 316 


{lloy— 808 ‘ 347 
Specimen B B B Cc B Cc B Cc A B 
As-Welded 
Intergranular attack N N N N N N N N N 
“issures N N N N N N As N N Ss N X N 
Bend angle, degrees 180 180 180 180 180 180 180) 85 180 180 180 180 180 180 180 130 180) 180 
Stress relieved 
Intergranular attack N N N S| X X N N N 
Fissures Ss Ss X X N XX X 
Bend angle, degrees «180 180 180 9 80 124 1145 135 180 180 135 «105 
Stabilized 
Intergranular attack N N N X X N N N N N N 
Fissures N N Ss XX X X s X XX 
Bend angle, degrees 180 180 180 180 9 100 115 180 180 180 180 105 180 
Annealed 
Intergranular attack N N N N N N N N N N 
Fissures N N N XX X X N s N N XX 
Bend angle, degrees 180) «180 180) «180 6180) «6165 180) 180 180) «180 180-180 
Annealed and sensitized 
Intergranular attack N N N XX XX Ss s N N N N 
Fissures s Ss Ss Ss Ss s Ss XX Ss 
Bend angle, degrees 180) «180 ISO 80 75 180° 180 180 «180 155 «180 


LEGEND: A specimens were not exposed to acid; B and C, duplicates, were tested after 500 hr. in boiling acid 
No test bars available. N—No intergranular attack or no fissures. S—Slight intergranular attack or fissures under '/j,in. X 


Excessive intergranular attack or fissures larger than '/\ in. 


X\X—Very severe intergranular attack or excessively large fissures 


Bend Angle—Maximum angle specimen bar was bent without fissuring 


attack in this test. Practically no attack was observed 
in Types 308, 308ELC, 321 or 347 weld metal, either in 
the as-deposited or in the heat-treated states. Slight 
visible attack was observed in sensitized Type 316 weld 
metal. Excessive fissuring was detected on bending the 
test bars of heat-treated Type 347 weld metal 

These tests might have been considered more valuable 
had not many of the pilot bend specimens, those treated 
the same as the bend bars but not exposed to the acid, 
been accidentally destroyed before testing. Further- 
more, the experience gained from these tests indicates 
that the anomalous results obtained regarding the 
amount of fissuring observed in the bend test may be 
attributed at least in part to the sharp corners on the 
test bars. It is felt that if the corners had been ma- 
chined with a slight radius, less cracking would have 
occurred. 

The results of the corrosion tests of these six austen- 
itic stainless weld metals are in agreement with recent 


8,10—13 


published data. 


INFLUENCE OF 1700° F. STABILIZING TREAT- 

MENT ON THE CORROSION RATE OF TYPE 321 

(19Cr-9Ni-Ti) ALLOY IN BOILING 65% NITRIC 
ACID 


Type 321 (19Cr-9Ni- Ti) stainless steel has been 
used successfully in many types of corrosive atmos- 
pheres; however, the corrosion resistance of this ma- 
terial in the stress-relieved and in the stabilized condi- 
tions in boiling 635°% nitric acid is relatively low. The 
rate of attack of Type 321 in this medium is much 
higher than that of Type 347 (19Cr — 9Ni-—Cb) alloy. 
About a year ago, S. F. Urban" proposed a prewelding 
treatment which is thought to render sigma less vulner- 
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able to the corrosive effects of the nitric acid. This 
treatment comprises heating previously annealed plate 
to 1700° F. and holding at this temperature for 4 hr. 
With this treatment the deleterious effects of sigma 
formation in the base plate by subsequent thermal cycles 
resulting from welding and from sensitizing are mini- 
mized. Accordingly, annealed base plate was so treated 
(4 hr. at 1700° F.) prior to welding 
welded as shown in Fig. 3. After welding, one joint 
was stress relieved at 1300° F. for 2 hr. and the other 
was stabilized at 1700° F. for 4 hr. This stabilizing 
treatment differs from the 1550° F. treatment used for 


The plates were 


other specimens described earlier. "The Huey corrosion 
rates of specimens cut from the welded plates after 
stress relieving and after stabilizing were calculated for 
five 48-hr. periods. 

The 1700° F. prewelding stabilizing treatment is 
effective in decreasing the corrosion rate of stress-re- 
lieved and stabilized welded plates as listed below: 


Corrosion rate, ipm 


Type of Prewelding Stress 
specimen heat treatment relieved Stalnlized 
Weld plus _heat- 
affected Anneal 0.0317 0 .0057* 
Region plus base 
metal 1700° F. stab. 0.0050 0 .0020t 


* 1550° F. stabilizing treatment. 
+ 1700° F. stabilizing treatment. 


The above data indicate that a 1700° F. stabilizing 
treatment prior to welding increases the corrosion re- 
sistance of stress-relieved and of stabilized Type 321 
weldments. 

To check the influence of this treatment on base plate, 
a section of annealed plate was heated to 1700° F. for 4 
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hr. and air cooled. Parts of this section were stress re- 
lieved at 1300° F. and others were restabilized at 1700° 
F. The corrosion rates of these specimens were com- 
pared with the rates of stress-relieved and of stabilized 
specimens which had been annealed at 1950-2000° F. 
prior to these treatments. The Huey corrosion rates 
in boiling nitric acid are listed below. 


‘orroston rate, tpm. 


Stress 
Initial condition relieved Stabilized 
Annealed 0.0372 0.0128* 
and 0.0056 0. 0016F 


stabilized 


* 1550° F. stabilizing treatment. 
t 1700° F. stabilizing treatment. 


From these data it appears that the 1700° F. stabi- 
lizing treatment conditions Type 321 alloy in a manner 
such that the Huey corrosion rates are approximately 
one-tenth of those of annealed plate when each has been 
stress relieved or stabilized before exposing to the 
boiling nitric acid. 


CONCLUSIONS 


The results of this investigation show that the per- 
formance of Aircomatic welds in the austenitic grades 
of chromium-nickel stainless steels (T308ELC, 308, 
310, 316, 321 and 347) is equal to the satisfactory per- 
formance of welds deposited in this material with 
covered electrodes. 

1. As the chemical composition of filler wires is 
specifically controlled, crack-resistant weld metal.can be 
deposited with all six types of wire. The weld metal 
deposited from all except T310 (25-20) contains a 
s.nall amount of ferrite which enhances the crack-re- 
sisting propensity. 

2. All of the chemical elements in the filler wire are 
transferred with essentially 100° recovery except 
titanium, which is recovered in amounts ranging from 
60 to 85%. In applications where T321 (19 — 9 — Ti) 
steel is satisfactory, it can be welded with T321 filler 
wire instead of T347 (19-9-—Chb) electrode which, 
heretofore, has been required. 

3. Extra-low-carbon weld metal can be deposite | 
with this process, an accomplishment which has not 
been possible with standard stick electrodes. 


4. The tensile strength and ductility of all six weld 
metals are satisfactory. 

5. Impact resistance of these weld metals is equal to 
or higher than that reported for similar welds deposited 
with covered electrodes. 

The corrosion resistance of the weld metals and of 
welded joints follows the same pattern as that of welds 
deposited with covered electrodes. 

The Huey corrosion resistance of these austenitic 
weld deposits in the stress-relieved and in the stabilized 
conditions is equal to or greater than the corrosion re- 
sistance of similar types of plate metal when subjected 
to the same thermal treatments. 

8. The corrosion resistance of Type 308 weld metal is 
equal to that of Type 308ELC weld metal in boiling 
65° nitric acid. 


ACKNOWLEDGMENT 
The authors wish to express their appreciation to J. 
G. Bielenberg for his part in preparing the metallo- 
graphic specimens and the photomicrographs and for 
conducting the magnetic analysis for evaluating the 
relative amount of ferrite. 


Bibliography 


1. Sohn, J. 8. and Kugler, A. N., “The Development of the Gas- 
Shielded Metal-Are Process,” THe Weipinc JourNnaL, 27 (10), 913-915 
(1948) 

2. Roper, E. H., “Equipment and Techniques of Inert-Gas-Shielded 
Are Welding,” Conference on Electric Welding, A. E.E., Dee. 6, 1948 
Elee. Eng Feb. 1949). 

3 E. H., “Welding the Aircomatie Process," Tae We.p- 
ING JOURNAL, 28 (8), 728-730 (1949 
a? Muller, A., Gibson, G. J., E. H., 
ing Process,’ 29 (6), 458-482 (19. 

5. Schaeffler, A. L., and Themen, Jr Corrosion of Molyb- 
denum- Bearing Stainless Steel Weld Metals,” /bid., 29 (1), 135-315 (1950 

rivobok, , and Thomas, R. D., Jr Impac, Tests of Welded 
Austenitic Stainless Steels,"” Ibid., 29 (9), 4935-4955 (1950) 

7. Schaeffler, A : “Constitution Diagram of Stainless Steel Weld 
Metal,” Metal Progress, $6 (5), 680 and 680B (1949) 

Teeple, H. O., “Comparison of Plant Corrosion Test Results on Aus- 
tenitic Stainless Steels with Results of Huey and Strauss Tests American 
Society for Testing Materials, “Symposium on Evaluation of Tests for 
Stainless Steels,’’ Spec. Tech. Pub. No. 93 (1949) 

9. Comstock, G. F., “Results of Some Plant Corrosion Tests of Welded 
Stainless Steels... American Society for Testing Materials, ‘“Symposium- 
on Evaluation of Tests for Stainless Steels,” Spee. Tech. Pub No. 93 (1949) 

10. Bloom, F. K., and Carruthers, M. E, ‘Accelerated Corrosion Test- 
ing of Chromium-Nickel Stainless Steel Weldments American Society for 
Testing Materials, “Symposium on Evaluation of Tests for Stainless Steels 
Spec. Tech. Pub. No. 93 (1949) 

11. Binder, W. O., and Brown, C. M., “Influence of Carbon and Molyb- 
denum on the Intergranular Corrosion Resistance of Austenitic Chromium- 
Nickel Steels with and without Columbium."’ American Society for Testing 
Materials, “Symposium on Evaluation of Tests for Stainless Steels,’ Spec 
Tech. Pub. No. 93 (1949) 

12. Ebling, H., and Scheil, M “Some Observations on Tests for 
Intergranular Susceptibility of 18-8 Mo stainless Steels American Society 
Testing Materials, “Symposium on Evaluation of Tests for Stainless Steels, 
Spee. Tech. Pub. No. 93 (1949) 

13. Buck, D. C., Heger, J. S., Phillips, F. 8., and Queneau, B. R Cor 
rosion Resistance and Mechanical Properties of Low Carbon Austenitic 
Stainless Steels." American Society for Testing Symposium 
on Evaluation of Tests for Stainless Steels,’ Spec. No. 93 (1949) 

14. Urban, 8. F., General Discussion. American Society for Testing 
Materials, ‘Symposium on Evaluation of Tests for Stainless Steels, Spee 
Tech. Pub. No. 93, pp. 223-224 (1949) 


‘The Aircomatic Weld- 


(Continued from page 910) 


tion and Repair, R. H. Groman. Tooling & pe tion, vol. 17, 
no. 3 (June 1951), pp. 52-53, 72, 76, 80, 143, 145, 
Education. Training “Blue-Collar” Workers, G. “Ball. Weld- 
ing Ener. vol. 36, no. 7 (July 1951), pp. 38-40. 

Jlectric Bus Bars. Bus Bars of Aluminum Saved Kaiser 70% 
= W. Douville. Welding Engr., vol. 36, no. 6 (June 1951), pp. 22 


_ Great Care Needed to Produce Resistance Weld- 
in Electrodes, R. J. Thompson. Western Metals, vol. 9, no. 5 
ay 1951), pp. 39-40. 


926 Benz, Jr., Sohn 


Stainless Sieels 


Electrodes. Jobs You Can Do With Bronze Electrodes, F. EF 
Garriott. Welding Engr., vol. 36, no. 7 (July 1951), pp. 20-24. 

Electrodes that Stabilize Inert-Gas Ares, J. D. Cobine and C. J. 
Gallagher. Welding Engr., vol. 36, no. 6 (June 1951), pp. 32-34 

Flash Butt Welding of Steel, L. Sanderson. Brit. Steelmaker, 
vol. 17, no. 4 (Apr. 1951), pp. 207-211, no. 5 (May), pp. 255-259, 
no. 6 (June), pp. 320-323. 

Glass Bottles, Crates. Production of Bottle-crates, 
(Lond. ), vol. 78, no. 2013 (June 14, 1951), pp. 997-1003. 

Inert Gas. Sigma Welding Applications Expand, H. kb. Rocke- 
feller. Steel, vol. 129, no. 3 (July 16, 1951), pp. 75-78. 

(Continued on page 932) 


Machy. 


THE WELDING JOURNAL 


‘ 
- 
j 
4 
ad 
4 
— 
i 
| 
Ls 
| 
| 
= 
q 
RF 
4 


WELDER AND 


HERE is every reason for Avondale 
Marine Ways, Inc., to point with 
pride to the towboat Joan E built for 
the Texas Towing Co., Inc., of Houston, 
Tex. A twin-screw 125-footer, it is a 
splendid example of the latest marine de- 
sign. The Joan E was christened on June 
9th with formal ceremonies, which were 
attended by many prominent guests of the 
Texas Towing Co., Ine., from Houston and 
Avondale Marine Ways, Ine. 

The dimensions are length, molded (25 
ft. 0in.; beam, molded 30 ft. 0 in.; depth 
amidships, molded 10 ft. 6in.; and dra‘t 7 
ft. 2 in. Designed for use in the Missis- 
sippi River, intracoastal-canal and tribu- 
tary-waters service, the hull and super- 
structure is of very sturdy all-welded steel 
construction. The hull form is a symmet- 
rical type which will afford maximum 
towing efficiency incorporating extraordi- 
nary strength and rigidity. Propulsion 
and steering was designed for minimum 
maintenance, and all construction is in 
accordance with the requirements of the 
American Bureau of Shipping for all- 
welded steel vessels. Design and equip- 
ment is also in compliance with the regula- 
tions of the U. 8. Public Health Service. 

Primarily, the Joan FE was designed for 
high-speed integrated towing and has a 
towing capacity of 75,000 bbls. 

Fuel-oil bunkers of 15,000-gal. capacity 
are formed by longitudinal wing tanks port 
and starboard, also bunkers for Diesel fuel 
for auxiliary generator sets, heating, boiler 
and galley range. Lubricating oil is car- 
ried. in two 500-gal. tanks forward, one 
on each side of the vessel. Other tanks 
are provided as follows: two 1500-gal. 
(each) fresh-water tanks, one 500-gal 
wash-water tank and one 500-gal. Diesel 
oil day tank. Day tanks are fitted with 
float control switches and alarms. Wing 
tanks act as settling tanks for the sanitary 
water system. Provision is made for fil- 
tering and chlorinating (hygeia system) 
this water. Access to watertight com- 
partments is by means of flush type 18-in. 
diameter steel deck scuttles. There are 
also 14- x 18-in. manholes with bolted plate 
covers fitted to the deck over each of the 
fuel tanks. Vertical ladders are installed 
at each deck scuttle and manhole. Doub- 
ler plates are installed in the way of all 
deck fittings, and watertight doors are pro- 
vided for access through engine bulkhead. 

Four towing knees of the double box 
type construction, each with 15-in. faces 
and with stout rubber fenders, are in- 
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stalled. Knees are all-welded steel plate 
with heel braces, and designed for extra- 
ordinary towing capacity. Two sea chests 
with brass strainer plates are built into 
the hull, one port and one starboard, and 
cross-connected by means of a header. 
Kither sea chest is of sufficient size to sup- 
ply the full capacity required independ- 
ently 

Coolidge propellers (twin) are of the 
vanadium steel, size 82 in. diameter by 66 
in. pitch. Semikort nozzles, which are 


‘owboat “Joan 


fabricated 1 in. abrasion-resistant steel 
plate, are installed over each propeller. 

Main propulsion engines, which are pi- 
lothouse controtled, are two Enterprise 
Model DMQ-316 Diesels (one R.H. and 
one L.H.), each developing 1250 hp. at 360 
rpm., and have a 16-in. bore by 20-in. 
stroke. Stern shaft bearings, as well as 
bottom bearings for steering and flanking 
rudders, are all Goodrich ‘“‘Cutless.””. Top 
bearings for steering and flanking rudders 
are of the SKF spherical roller type 


Fig. 1 Bow section *“‘Joan E”’ 


Fig. 2 Engine room ** Joan E” 
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Fig. 3 Hulland “Joan 


Superstructure is of steel construction 
with all exterior bulkhead and overhead 
areas exposed to the weather suitably insu- 
lated against the elements. All windows, 
except in pilothouse front, are steel sash 
with spring counterbalances, weather- 
stripped and glazed with double-strength 
glass. Pilothouse front windows, which 
are designed for full fore and aft visibility, 
are hydraulically operated with push-but- 
ton controls. Interior woodwork in all 
staterooms and wheelhouse is mahogany 
and adds considerably to embellishment of 
finish. Accommodations and furnishing 
provide extra comfort and convenience for 
captain and crew and include owner's 
stateroom. The general cabin plans con- 
sist of captain’s room with double bed, 
built-in wardrobe, dresser, desk, bookrack, 
two chairs and built-in settee. Other of- 
ficers’ rooms are similar to the captain’s 
room. Crew's quarters provide equal 
comfort and facilities and all beds and 
bunks are provided with individual read- 
ing lights. All mattresses and pillows are 
foam rubber. A standard broadcast radio 
and television is located in the messroom 
for entertainment. Pilothouse has built- 


_ in upholstered settee, pilot stool with back 
rest and log-and-chart desk. 


Fig. 4 


The usual steering, navigational instru- 
ments and main engine controls, etc., are 
mounted on a specially designed and orna- 
mental console. The engine room is am- 
ply ventilated by a 4000-CFM exhaust fan 
which is mounted fore and aft in engine 
room. The quarters are all individually 
ventilated. 

Anelaborate general-alarm system, which 
is a one-circiut system with switch in the 
pilothouse and with three alarm bells, is 
installed. 

The Joan E will be very prominently 
identified in marine trade throughout the 
Mississippi River system, and will serve 
and maintain the traditions of the Texas 
Towing Co., Ine., successfully for many 
years to come. 


HULL CONSTRUCTION DETAILS 
M/V “JOAN E” 
Hull structure includes transverse 


frames with longitudinal girders and trans- 
verse bulkheads for inverted-angle stiff- 
eners. Longitudinal watertight and non- 
watertight bulkheads of suitable plate 
thickness are installed. Transverse frames 
and inverted angles with flayed-gusset 


* Joan E” 


plates are rigidly placed with angle mem- 
bers and, for additional rigidity, frames are 
supported by flanged plate stringers, 
The steel, which is of a heavy plate con- 
struction is of one piece and has flanged- 
plate breasthooks, with adequate bracing. 
The keel is a built-up steel plate and rider 
bar with tripping brackets at frames. 
Bottom plate from semikort nozzles aft 
to transom is */,-in. plate. Seams and 
butts are flush butt-welded and the bul- 
wark is '/,-in. plate and the bulwark cap is 
a 7-in. channel with '/;-in. (split) pipe 
trim supported by flanged plate stiffeners. 
A stout fender constructed of formed stee! 
plate attached to a doubler is included on 
the hull near deck on side and stern. The 
aft and hull compartments in way of pro- 
pellers and rudders are stiffened with dia- 
phragm plates, deep flanged-plate floors 
and other structural members required for 
full strength. The other hull compart- 
ments have stringers, intercoastals, etc. 
which are also required for proper hull 
strength. Engine girders are fabricated 
steel plate extending from the aft engine 
bulkhead to the forward engine-room bulk- 
head and built into the hull with flanged- 
plate deep floors. 
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Koldweld Reveals 


IGNIFICANT new developments in the application 
techniques of Koldwelding were revealed recently 
by Koldweld Corp., 10 E. 40th St., New York, N. Y. 
Koldwelding is a new method of welding nonferrous 

metals without the use of heat or electricity, by cold 

pressure alone. It was originally developed in Eng- 
land by General Electric Co., Ltd., and is being used 
there by a number of fabricators. It was introduced to 

American industry by Koldweld Corp. a little more 

than a year ago. 

This unique welding process, requiring only the sim- 
plest tools and permitting the use of unskilled operators, 
has already evoked considerable interest throughout 
industry. The new Koldwelding techniques further ex- 
pand the field of applications of this new process. 

An outstanding new development is a technique for 
cold butt welding of rods and wires, such as aluminum- 
to-aluminum, aluminum-to-copper and copper-to-cop- 
per, without the application of heat or electricity. Fig- 
ure | shows two '/,-in. aluminum rods butt welded by 
this welding process. The upper rod was tested in 
tension, the tensile failure occurring in the parent metal 
and not at the weld. It is a feature of Koldwelding 
that the weld itself is stronger than the parent metal. 
Below is a butt-welded '/,-in. aluminum rod, with the 
weld flash trimmed and the rod drawn down to approxi- 
mately '/s in. diameter. It is difficult to see with the 
naked eye the location of the weld in the rod stock. 

The molecular interpenetration between two butt- 
welded sections of a rod is well discernible in the micro- 
photograph, Fig. 2, showing the cross section of a butt 
weld. The point of tensile failure and the direction of 
flow at the weld are clearly seen in the photograph. 

The tools required for producing the butt weld are ex- 
tremely simple, and the efficiency of the butt weld has 
proved in tests to be the greatest yet obtained with the 
Koldweld pressure method. Butt welding of small 
sizes of rods and wires can be made with a hand tool. 
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Yew Techniques 


In the electrical industry the tack-weld method was 
developed for making electrical connections and for at- 
taching flat sheets or tubing to a rod. Laboratory and 
field tests have shown that the resistance of the weld is 
less than the resistance of the original conductor. An 
example of the tack weld is shown in the photograph, 
Fig. 3. 

Considerable improvements have been made in the 
manufacturing techniques for producing tubing from 
flat ribbon and sheet stock by this welding process. A 


Fig. 3 
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number of tubing examples are shown in the photo- 
graph, Fig. 4. The largest tubing is 6 in. in diameter, 
the smallest is '/,in. O.D. With the new process, tub- 
ing smaller than '/s in. O.D. has been produced. A 
production rate or more than 50 ft. per minute has been 
obtained. This tubing can be threaded after welding. 

It is noteworthy that the new improved tubing has 
smooth inside and outside surfaces, and is somewhat 
stronger than the tubing made by the original Kold- 
weld process which left a small rib along the line of the 
Koldwelded tubing can be drawn, bent, flared 
and shaped (Fig. 5). 

Of special importance to the packaging industry is 
the improvement in the new welding methods for join- 
ing thin sheets of aluminum, such as are used, for ex- 
ample, in the collapsible tube shown in the photograph, 
Fig. 6. This welding method effects a considerable 
saving of material, and the joint is leakproof. The 
Koldweld method of sealing such tubes prevents many 
of the leaks experienced with other methods of sealing, 
and withstands as much pressure as the seals obtained 
with the best previous methods. 

An ingenious application of this welding technique 
is seen in the sturdy and attractive aluminum water ket- 
tle illustrated in the photograph, Fig. 7. The body of 
the kettle is made of two symmetrical halves, punched 
and drawn from flat-sheet aluminum stock. The two 
halves are then Koldwelded by a single pressure opera- 
tion, or by a rotary tool applied along the center joint, 
visible in the photograph. 


weld. 


Another application where these new welding tech- 
niques resulted in a better product at a lower cost is re- 
vealed in the photograph, Fig. 8, which shows an articu- 
lated louver. Through the use of Koldwelding instead 
of riveting, loose louver plates were eliminated, and a 
stronger and more solid construction obtained, and at a 
lower cost. 
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King Size Welding at Foster Wheeler 


ABRICATING 5!/.-in. plate into pressure vessels, illustrates the major role welding plays in the manu- 


condensers and related equipment which must facture of this heavy-duty equipment at the Cartaret, 
withstand up to 70,000 psi. is no small job, as the N. J.,.plant of the Foster Wheeler Corp. 
following picture story will indicate. The story Flat sections, like those shown in the left foreground 


Figure 3 Figure 4 
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Figure 5 
of Fig. 1, are heated in a nearby furnace and formed 
in the press. The formed sections shown are 3'/+ 
in. thick. Sections as thick as 5'/, in. have been 
handled by Foster Wheeler, and a press capable of 
' handling even larger sections will be installed soon. 
The workman at the right is setting up a flame-cutting 
tractor used to bevel sections for subsequent welding. 
_ Sections, Fig. 2, are roll-formed, tack welded 
j manually (foreground) and then seam welded by the 
»submerged-are process. On heavier sections, the first 
‘pass is hand welded in a jig. This submerged-are 
‘automatic welding machine can be adjusted to ac- 
‘commodate sections of considerable diameter and can 
‘be used to make both exterior and interior welds. 
_ Neat, uniform appearance of weld bead shown in 
Fig. 3 is typical of that made by the automatic welder 
at Foster Wheeler. Weld is on the interior of a section. 


Figure 6 
The view in Fig. 4 was especially posed to show the 
comparative depth (3'/: in.) of the joint to be welded. 
In his left hand, the operator holds the switch which 
controls electric-motor-driven rollers which rotate the 
section as the operator progresses. 


After the head has been manually welded in place, 
this General Electric automatic welding machine, 
Fig. 5, finish welds the circumferential seam by multi- 
layer metal-are process. The section is turned at 
steady rate to provide even layers. 


Fillet welds joining the nozzles to the head of the 
pressure vessel, Fig. 6, show quality of welding done at 
Foster Wheeler. General Electric welding machines 
are located out of the way along the walls of the shop; 
they furnish power for this and other finish welding 
operations as well as for tack welding. 
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1951), pp. 323-326. 

Metals. Hard Facing. Maintenance by Welding, M. Rid- 
dihough. Indian Inst. Metals—Trans., vol. 3 (1949), pp. 347 
357. 

Natural Gas Pipe Lines. Designing and Building Safety into 
Large Gas Pipe Lines, 8. Owens. Petroleum Engr., vol. 23, no. 
5 (May 1951), pp. D105-D106, D108, D110, D112-D114. 

Natural Gas Pipe Lines. Welding High Yield Pipe, C. J. 
— Petroleum Engr., vol. 23, no. 5 (May 1951), pp. D52, 
DA. 
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Practical Welder 


Oil-Well Drilling Equipment. Stubbing Drill Collars by 
Thermit Welding, R. F. Carlson. Oil & Gas J., vol. 49, no. 44 
(Mar. 8, 1951), pp. 70-71, 84. 

Oxygen Cutting Machines. Preparing Plate Edges for Produc- 
tion Welding, C. A. Heffernon. Machy. (Lond.), vol. 79, no. 
2019 (July 26, 1951), pp. 147-151. 

Pipe Lines, Construction. Pipeline Equipment Progress. 
Petroleum, vol. 14, no. 4 (Apr. 1951), pp. 104-109. 

Petroleum Pipe Lines. Great Britain. Scottish Pipeline. 
Petroleum, vol. 14, no. 4 (Apr. 1951), pp. 91-93, 103. 

Petroleum Pipe Lines. Welded Oil Pipelines, R. Hammond. 
Petroleum, vol. 14, no. 4 (Apr. 1951), pp. 87-990. 

Pipe Lines. Hidden Are Welding of High Pressure Piping, C. 
G. Herbruck. Petroleum Engr., vol. 23, no. 4 (Apr. 1951), pp. 
1D20, D22. 

Pipe Lines, Design. Use of Welding to Facilitate Piping Sus- 
pension and Support, G. W. Hauck. Heating, Piping & Air Con- 
ditioning, vol. 23, no. 3 (Mar. 1951), pp. 83-87. 


(Continued on page 948) 
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o-Hydrogen 


ELECTRODE 


CAPACITY: 400 LBS. 


WELDED STEEL 
CONSTRUCTION 


FIBRE GLASS 
INSULATION 


CHIMNEY TYPE 
VENTILATION 


ELECTRICAL CONNECTION 
HUBBEL TWISTLOCK 


Low Hydrogen Electrode Coatings can take the Heat but 

NOT the Humidity. The shielding is inherently “thirsty”. Exposed to 

normal air, it quickly absorbs enough moisture to bring the moisture content above 
the allowable limit . . . thereby destroying the “Low Hydrogen” quality. 

The Blueweld Stabilizer is the logical low-cost way to preserve Low 


Hydrogen quality at point of use. 
In Production 
for Prompt Shipment! 


A 5933-1P 
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| activities -« related events 


Edgar A. Guest to Be Society’s 
Dinner Speaker 


In this troubled world the Society is 
indeed fortunate to have secured Edgar 
\. Guest—*‘Poet of the Millions’’—as its 
Annual Dinner Speaker, Thursday Even- 
ing, October 18th. He is beloved the 
world round because he “has made articu- 
late the thoughts and feelings of the Ameri- 
can masses,”’ and this includes all strata 
of society. He has done this via the med- 
ium of his syndicated daily poem, his pub- 
lished volumes of verse and his many ap- 
pearances on radio, television and as a 
much sought after lecturer. 


Mr. Guest's newspaper reading audience 
has been estimated at multi-millions daily, 
and he has never missed a deadline in his 


35 vears of being syndicated. Most of his 
seventeen published books have sold over 


50,000 copies in their first printing, and 
Tletters from admirers of his verse have 
numbered as many as five hundred a 
‘day. “Eddie” prefers to think of him- 
tself as a working newspaper man rather 
Pthan poet, however, having promoted 
himself—at age 16—from a drugstore 
“soda jerking” job to the pay roll of the 
Detroit Free Press. On this paper he 
has served successively as copyboy, re- 
porter, columnist writer of verse and owner 
of stock. 
A couple of “Eddie’’-grams: 


“Being happy with what you have is a 
better plan than waiting, to be happy 
with what you hope to have.” 

“Every man should have an ideal, not 
with the hope of ever attaining it, 
but just to keep him trying.” 


Dinner tickets $7.50 each. 
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Plant Visit 


During the Annual Meeting in Detroit 
the week of Oct. 14, 1951, a Plant Visit 
will be made to the Ford Motor Co. on 
Tuesday Morning, Oct. 16, 1951. 

Buses leave Book-Cadillaec Hotel Tues- 
day at 9:00, 9:15, 9:20 and 9:30 A.M. 

Tours will include automobile produc- 
tion line and welding operations. 

Tickets $1.00 (Round Trip) will be sold 
at Registration Desk, Sunday and Mon- 
day, October 14th and 15th, and sales will 
close at 3:00 P.M., Monday, October 
15th. 


Program 
Ladies’ Entertainment 
National Metal Congress 


Monpay, Ocroper Buses will 
leave Book-Cadillac and Statler Hotels at 
1:00 P.M. Sight-seeing trip through 
Bloomfield Hills, Cranbrook Schools and 
other points of interest. Tea at the State 
Fair Grounds Friendship House about 
3:00 P.M. Buses return guests to down- 
town hotels about 4:30 P.M. 

Tvespay, Ocrosper 16rn: Luncheon at 
the Detroit Boat Club 12:30 P.M. Card 
party following. Buses will be at disposal 
of those who prefer a sight-seeing tour of 
beautiful Belle Isle, including the flower 
gardens and Zoo. Buses return guests to 
hotels about 5:00 P.M. Pick up at 12:00 
P.M. 

Wepnespay, Ocroper 171TH: Trip 
through Greenfield Village and the Edison 
Institute. Buses pick up at hotels 9:30 
A.M. Ride in coaches through village. 
Luncheon at beautiful Dearborn Inn at 
1:00 P.M. Buses return guests to hotels 
about 3:00 P.M. 

Tuvurspay, Ocroper Buses pick- 
up at hotels at 12:00 P.M. Route to 
Canada includes the new Veterans Build- 
ing and waterfront developments in De- 
troit. Ambassador Bridge and Tunnel to 
and from Canada. Luncheon at the 
Prince Edward Hotel in Windsor, Canada, 
at 12:30 P.M. Time allowed for shopping 
in Canada. Buses will pick up about 3:00 
P.M. and return guests to downtown hotel. 


Fee-$7.50. 


President’s Reception 


The President's Reception is to be held 
in the Grand Ball Room on Monday, 
October 15th, at 6:00 P.M., for members 
and their guests, and will afford an oppor- 
tunity to meet our officers and renew 
acquaintance with our fellow members, 
their wives and guests. 


Society Activities and Related Events 


1951 Adams Lecture 


The Adams Lecture, “The Welding of 
Copper by the Inert Gas Metal Are Pro- 
cess,” will be given by John J. Chyle of the 
A. O. Smith Corp., in the Crystal Ball 
Room, on Tuesday at 8:00 P.M. 


University Research Dinner 
and Conference 


The University Research Dinner will be 
held in Parlor H on Wednesday at 6:30 
P.M. and the University Research Confer- 
ence at 7:30 P.M. in the Founders’ Room. 


Educational Lecture Series 


The Educational Lecture Series will be 
held on Tuesday and Wednesday, 4:30 
P.M., in the Italian Garden, with Dr. 
Gilbert E. Doan as Chairman. William 
R. Plummer of the Progressive Welder 
Co. will be the lecturer and his subject 
will be “Resistance Welding.” 


Welding and Cutting Exhibits 
and Demonstrations 


Everyone interested in welding should 
visit the Welding and Cutting Exhibits 
and Demonstrations at the 33rd National 
Metal Exposition and Congress, Michigan 
State Fairgrounds. The Exhibition hours 
are as follows: Monday, October Lith, to 
Wednesday, October 17th, inclusive, 12 
Noon to 10:30 P.M.; Thursday and 
Friday, October 18th and 19th, 10:00 
A.M. to 6:00 P.M. Admission will be by 
A.W.S. registration badge or by member- 
ship card of any participating society or 
by special invitation. (Vote: No techni- 
cal sessions on Thursday and Friday after- 
noons to give you opportunities to see the 
exhibits and demonstrations. ) 


Annual Meeting 
American Welding Society 
Book-Cadillac Hotel 
Detroit, Michigan 
Week of October 5th 
All events on this page are a few of 


the special features in connection 


with this meeting. 
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IN DEVELOPING POSSIBILITIES 


INCENTIVE-INSPIRED CO-ACTION 


LINCOLN PLANT CREATED BY 


NEW 


WELDED DESIGN 
ALWAYS IMPROVES 
PRODUCT AND 
LOWERS COST 

Welded Steel Design 


Fig. 1— Increases Rigidity 200% by 
Fig. 2... a saving of 51%. 


redesigning this End Bearing Bracket 
to welded steel. Cost is cut from $1.52 
to 75 cents over construction shown in 


Original Design 


. welded steel design 


quired 87% more metal than present 
(Fig. 1) weighs only 2 pounds. 


welded steel design. Initial weight 


Fig. 2— Original Construction re- 
was 3% pounds... 
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Machine Design Sheets are available to designers and engineers. Simply write on your letterhead to Dept. 910, 


THE LINCOLN ELECTRIC COMPANY 


OHIO 


CLEVELAND 1 
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It’s this simple: Mark your work- 
piece withthe proper 
Tempilstik® When the 
mark melts, the specified 
temperature has been 
reached 


There is a Tempilstik® for 
every temperature commonly 
specified in preheating tor 
welding, stress-relieving, 
tempering, molding and scores 
of other heat-dependent 
operations 


Free—Seng for sample pellets 
Check temperature of interest to you. 
BOOTH C-117 NATIONAL METAL SHOW 


DETROIT, OCT. 15-19 


Tempil Corporation 
132 West 22nd Street, New York 11, N. Y. 


Qives up 


to 
readings 


%& We invite inquiries from reputable distributors interested in handling Tempil® products. 
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Romoubor the trade m 


and “TUBE-TURN” are applicable 
only to products of TUBE TURNS, INC. 


the engineered way to 
put an end fo a pressure problem } 


we IT COMES to containing pressures—in a header or pressure vessel ' 
or in merely blanking off a line—your safest, surest bet is a TUBE-TURN 
Welding Cap. Formed to 2:1 semi-ellipsoidal contours, it represents the ideal 
pressure-resisting closure for a cylinder. No makeshift capping method can 
approach its bursting strength which is actually far greater than seamless 
tubing of like thickness and grade of steel. 

Another important point: TUBE-TURN Welding Caps are manufactured to 
cies OE meet ASME Boiler Code requirements and the chemical-physical standards 
eokler siving Dimensional of ASTM specification A106 for Grade A and Grade B carbon steels. 

Data on types, sizes and mo- 

terials of TUBE-TURN Weld- For welding caps and for all TUBE-TURN Welding Fittings and Flanges, see 
your nearby TUBE TURNS’ Distributor. You'll find one in every principal city. 


“Be sure you see the double tt 


TUBE TURNS, ING. 


DISTRICT OFFICES: New York + Philadelphia: Pittsburgh Houston Tulsa San Francisco los Angeles 
TUBE TURNS OF CANADA LIMITED, CHATHAM, ONTARIO...A wholly owned subsidiory of TUBE TURNS, INC. 


| 
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New Ford Power Plant 


Power station for Ford Motor Company’s giant new engine plant 
and foundry, now being built in Cleveland; F. A. Fairbrother 
—Geo. H. Miehls, Architect and Engineer; Albert Kahn Associ- 
ates, Consultants. Engine plant will be equipped with the last 
word in automatic machinery—to save production man-hours. 
The designers believe in saving maintenance man-hours too. 
Thus at the power plant, which will supply 360,000 pounds 
of 150-lb. steam per hour for heating and process, an all- 
welded piping system with TUBE-TURN Welding Fittings and 

was specified. Welded steam, air, and condensate lines 
are permanent and leakproof. : 


Here the 18” steam main from the power plant leads to a 
fabricated “‘Y” connection, then through tunnels to foundry 
and engine shop. One side is stepped down through a 
TUBE-TURN Welding Reducer to a 16” line; the other side 
through another TUBE-TURN Welding Reducer to a 12” line. 
Special “Y” connection was made by cutting and welding 
two 45° Weiding Elbows, a job that calls for uniform wall 
thickness and concentricity throughout the fittings—a point 
of pride with TUBE TURNS, INC. 


TUBE TURNS, INC., Dept. O-10 
224 East Broadway, Louisville 1, Kentucky / - 


Your Name 


In engine shop, smaller lines 
designed to carry coolant oil to 
machine tools are also welded. 
Wide range of TUBE-TURN Welding 
Fittings and Flanges—including 
more than 4000 different items — 
simplifies installation job. Leak- 

will free maintenance 


Despite close quarters in tunnel, 
fabrication goes ahead swiftly. 
Welders and contractors like to use 
TUBE-TURN Welding Fittings be- 
cause they know that dimensions 
ere always accurate, thus line-up 
is easy. Welded lines can be fitted 
closely together, will make for a 
neat installation. With no flanges 
te werk around, insulation can be 
applied easily. 


Position 


Compony “tt” ond “TUBE-TURN” Reg. U.S. Pot. Off. 
Nature of Business 
TUBE TURNS, INC. 


LOUISVILLE 1, KENTUCKY 


City State 


— eatures welded piping 
— 
DISTRICT OFFICES 
New Yerk Heuston 
Philadelphia Tulsa 
> Chicago Les Angeles 
= 


Now £ Truly accurate plate-edge 


preparation 


tolerance. 


with a Hlame £ 


It’s true! Acetogen Fabricators are doing the job 
that industry thought couldn’t be done. They're 
cutting all thicknesses of armor plate—square 
edge, bevel edge, multi-bevel edge—so smoothly 
and accurately that plates fit the welding jig with- 
out grinding or finishing. 

Right now, the Acetogen Process is speeding 
vital defense work in the Philadelphia plant of 
Henry Disston & Sons, Inc. Disston men are as 
amazed at the tremendous output of Acetogen 
Fabricators, as they are enthusiastic over the 
precision of their work. 


The Acetogen Process will increase produc- 
tion for you, too. We have the organization and 
flame-cutting ‘“‘know-how”’ together with the gas 
and nozzles; we will act either as consultants, 
or as sub-contractors—doing the entire job in 
your plant. We invite your inquiry. Acetogen 
Fabricators, Inc., 522 Commercial Trust Bldg., 
Phila. 2, Pa. 
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ONLY THE ACETOGEN PROCESS 
OFFERS THESE STARTLING ADVANTAGES 


@ Armor plate of all thicknesses flame-cut to + Yie”’ 
tolerance! 


@ The flame-cut plates are ready for welding with- 
out grinding, finishing, bridging, or beading! 

@ Single- and multi-bevels are as easy to flame-cut 
as square-edges! 


@ Flame-cut plates have “feather” edges... surfaces 
have sufficiently low Brinell to allow machining. 


@ No heavy investment needed; the Acetogen Proc- 
ess utilizes standard, readily-available, low-cost 
equipment and tools. 


@ Experienced flame-cutters become qualified 
Acetogen operators within a few days. 
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INS 5“ FAB RICATORS, INC. Originators of precision flame-cutting . 


National Engineering 
Manpower Convocation 


A convocation of engineers, educators 
and industrialists to discuss what must be 
done to maintain and increase the national 
supply of engineers needed for civilian 
economy and the Armed Services was held 
by the Engineering Manpower Commis- 
sion of Engineers Joint Council, in Stephen 
Foster Memorial Hall on the campus of 
the University of Pittsburgh, Pittsburgh, 
Pa., Sept. 28, 1951. The meeting was 
arranged by the Engineers’ Society of 
Western Pennsylvania and its president, 
G. A. Shoemaker acted as Chairman. 

Pittsburgh was chosen for the convoca- 
tion because of its proximity to major 
industrial centers. It is close to the center 
of gravity with respect to the engineering 
activities throughout the country. 

The purpose of the Convocation was to 
establish a ‘grass roots’’ program to con- 
vince the general public of the vital 
importance of the technical man to our 
way of life. 

Two general groups were invited to the 
meeting. Representation Pitts- 
burgh included educators from both the 
secondary schools and the colleges as well 
as representatives of industry and the 
engineering profession. Delegations of 
engineers from other areas throughout the 
country were also present to learn of the 
programs developed by E.M.C. to combat 
the problems created by the critical short- 
age of engineers. 

The members of these delegations will 
serve as representatives of the Commission 
in carrying out the programs at the local 
level. 


New Tempil® Products 


The Tempil® Corp. of 132 W. 22nd 
St., New York 11, N. Y., will exhibit its 
line of temperature-indicating materials 
in Booth C-117 at the National Metal 
Show in Detroit, October 15th to 19th. 


Tempil® technique of determining at- 
tained temperatures will be demonstrated 
on heated workpieces. Special applica- 
tions in the automotive, aircraft and elec- 


) tronic industries will be illustrated in unit 


~ 


displays. Technical personnel will be in 
attendance to answer questions and to dis- 
cuss specific problems. 


PYROMARE 


940 


A number of interesting new develop- 
ments will be publicly displayed for the 
first time. These include: 

Pyromark® high-temperature _ paints, 
some of which withstand temperatures as 
high as 2500° F. These are available in 
seven colors 

Temp-Alarm® —temperature-indicating 
paints which have the adhesion and dura- 
bility of good standard paint, but in addi- 
tion exhibit dramatic color changes at 
various predetermined temperatures. 

Series “R” Tempil® Pellets in an en- 
larged range of temperature ratings, ior 
use under strongly reducing conditions 
where the standard Tempil® Pellets are 
affected by the reactive atmospheres. 


Society for Non-Destructive 
Testing, Inc., Eleventh 
Annual Meeting 


Hotel Detroiter, Flamingo Room, 
Detroit, Mich., Oct. 15-18, 1951 


This Society is one of the four technical 
societies which sponsor the National 
Metals Congress to be held this year in 
Detroit, Mich., during the week of Octo- 
ber 15th-19th. 

Eight technical sessions will be 
sented with emphasis on: 

1. The application of nondestructive 
testing to the defense production program. 

2. The latest scientific developments in 
the four major types of nondestructive 
testing—radiography, magnetic testing, 
ultrasonics, and penetrant testing. 


pre- 


1952 1.A.A. Convention 


Indianapolis, Ind., is to be the site of the 
1952 I.A.A. Convention. The Claypool 
Hotel will be the headquarters for the 
three-day meeting, scheduled for March 
3ist-April 2nd. This will be the first time 
that the I.A.A. Convention has been held 
in Indianapolis—a city whose name is 
associated historically with the develop- 
ment of acetvlene lighting. 


E. W. Evanson Newly Appointed 
Distributor for Hobart 


Hobart’s new distributorship for the 
Northern New Jersey area will be under 
the direction of E. W. Evanson, president 
of Hobart Welding Equipment Co., 155 
Washington St., Newark 5, N. J. A 
complete line of welding equipment, ser- 
vice, parts, and 
power plants will be handled by the new 
office. 


electrodes, accessories 


News of the Industry 


Welding Positioner 


A new welding positioner will be shown 
by Aronson Machine Co., Arcade, N. Y., at 
National Metals Exposition, October 15th 
through 19th. 

The real feature of the machine is its 
precision rotation and fast positioning. 
To show these features the Electrical Con- 
trol Panel will be set up so that all visitors 
can manipulate the Positioner to see its 
advantages. 

This unit is being used in one of the 
leading aircraft plants that hold tolerances 
on welding stainless-stee] sheet metal to 
0.015. This company also requires that 
the machine raise and lower quickly to 
position the workpiece instead of the weld- 
ing head. In this Model 21 welding 
positioner they can do this raising and 
lowering very efficiently fast by 
gear-driven mechanism. 


and 


Engineering Awards 


Engineering honors and cash awards 
totaling $5000 have been given by the 
Lincoln Are Welding Foundation of Cleve- 
land, Ohio, to 63 young engineers in 28 
different states, representing 34 different 
engineering schools. Funds totaling $1750 
were also awarded to three engineering 
schools-to establish scholarships in honor 
of and named for the engineers receiving 
the main awards. 

The awards were made in the fourth 
annual competition of the Foundation's 
Engineering Undergraduate Award and 
Scholarship Program. The Program offers 
awards for papers by engineering under- 
graduates on the design, fabrication, re- 
search or maintenance of machines or 
structures in which are welding is used. 
The Foundation is sponsoring a 10-year 
series of programs to encourage under- 
graduate engineers to use imagination and 
ingenuity in developing engineering proj- 
ects. 

In honor of Hugh M. Rush, who re- 
ceived the First Award of $1105.03, Pur- 
due University will receive $1000 to 
establish four scholarships in the Depart- 
ment of Mechanical Engineering in which 
Rush was enrolled when he prepared his 
award paper. The subject of the paper 
was “Hydraulic Cranes for Military 
Vehicles.” 

For his paper, ‘“‘A Comparison of 
Riveted and Welded Design on a Through 
Plate Girder Railroad Bridge,”’ Walter 
H. Halstead received the Second Award of 
$552.50 and Lafavette College received 
$500 to establish two scholarships in the 
Department of Civil Engineering in his 
honor. 

The Third Award of $276.25 was made 
to Paul EF. Potter for his paper, “An All 
Welded Steel Bridge,”’ and in his honor 
Oregon State College received $250 for a 
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WELDING ALLOYS CORPORATION 


PRIZE COMPETITION 


AND 


PROGRAM OF AWARDS 


FOR 


EuTectTic 


CONTRIBUTIONS TO THE ART OF WELDING 


OPEN TO: Engineers, Metallurgists, Researchers, Instruc- 
* tors, Welders, Students, and all others qualified. 


FOR Category A: 
PAPERS WELDING ENGINEER. 
ON: ING & THEORY 


Category B: 
PRACTICAL WELDING 
APPLICATIONS 


Covering technological and research aspects, procedures 
and applications of the use of lower melting (lower than 
parent) filler metals in the non-fusion welding processes. 


AWARD Category A: : Category B: The Jury and Committee of Awards: 
; ‘ First Prize $500. 3 First Prizes. $100. each 1. Dr. Robert Humphrey, Vice Chairman American Society for Metals 
FUND: Second Prize $300. 4 Second Prizes$ 50. each 2. Prof. Otto H. Henry, Dept. of Metallurgy, Polytechnic Institute of Brooklyn 
* (Third Prize $200. 20 Third Prizes. $25. each 3. Dr. Th. I. Leston, Vice President, Eutectic Welding Alloys Corporation 


RULES: 


1. The program is open to all persons qualified to present 4. Manuscripts should be typed in English, double spaced 


basic principle, theory or the results of practical research on 8%"x11”" white paper, with any tables, charts or draw- 


and application in the field of non-fusion “lower melting 
temperature” filler metals in welding, except employees of 
Eutectic Welding Alloys Corporation, its advertising agen- 
cies and members of their families. 
2. Participants may submit welding papers on one or more 
of the following subjects: 
(a) Oxy-acetylene, low melting filler 
(b) Oxy-fuel gas. low melting filler 
(c) Brazing and bronze welding 
(d) Silver alloy filler metals 
(e) Soldering filler metals 
(f) Hard facing and resurfacing with a low melting 
filler 
(g) Lower melting filler metals for metallic arc, inert 
arc and carbon arc applications 
The welding applications may be torch, furnace, induction, 
carbon arc, inert arc or metallic arc. 
3. Papers must consist of not less than 1000 words, exclu- 
sive of drawings, specifications, tables, etc. 


ings on separate sheets. 


5. Papers should be confined specifically to the fields de- 
fined above and may be documented with photographs, 
charts, drawings, tables or test data. 


6. All papers must be the original, previously unpublished 
work of the participant and must bear his name, address 
and business or professional connection. 


7. Papers will be judged by the Jury and Committee of 
Awards on the basis of the merit of the theory or practice 
presented. Decisions of the judges will be final. All entries 
and ideas therein become the property of Eutectic Welding 
Alloys Corporation, and none will be returned. 


8. The competition opens October Ist, 195] and closes 
June 30th, 1952 midnight. All entries must be postmarked 
on or before that date. 


9. Winners of awards will be notified by mail within 
approximately 60 days after the close of the competition. 
Complete list of winners will be sent to all participants 
requesting it. 


Write for entry blank and helpful suggestions on the preparation of papers 


Two “Georgia Tech” 


1950 competition 


EUTECTIC WELDING ALLOYS CORP. 


- Papers should be submitted to: 
172nd Street and Northern Blvd., Flushing, New York a 
Please send me entry blanks and helpful sugges- anc L rise Vompetition an 
tions on the preparation of papers for the EUTECTIC e + ode 
ol of 


Prize Competition and Program of Awards both of the Scho 
Chemical Engineer 


Program of Awards, 
EUTECTIC WELDING 
ALLOYS CORPORATION 
172nd Street at Northern Boulevard, 
Flushing 58, New York. 


ing, Georgia Insti 
Name tute of Technology 


Affiliation shared First Prize in 


last year’s competi- 
Address Zone 


tion, heading a list of 
City State winners 


seventeen award 
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scholarship in the Department of Civil 
Engineering. 

Dates for the next annual competition 
have been announced by the Foundation 
as June 1, 1951, to May 31, 1952. All 
engineering undergraduates are eligible to 
participate while they are registered as an 
undergraduate. Rules are available from 
The James F. Lincoln Are Welding Founda- 
tion, Cleveland 17, Ohio. 


Temperature Indicating Paint 


Tempil® Corp. of 132 W. 22nd St., New 
York 11, announces that it is now in a posi- 
tion to supply reasonable quantities of 
Thermindex temperature-indicating paint 
for research and development work. 

Thermindex temperature-sensitive 
paints are aveilable in 16 basic shades 
which undergo color changes at predeter- 
mined temperatures. Many Thermindex 
paints exhibit suecessive color transforma- 
tion at several temperature levels. 

Thermindex paints have proved very 
useful in the investigation of heat-treating 
processes: for safeguarding bearings, 
motors and other equipment against over- 
heating: in determining the heat-transfer 
qualities of lubricants; in establishing the 
efficiency of air-cooling arrangements (as 
for instance in internal-combustion en- 
gines); in the detection of faulty insula- 
tion of high-pressure stream lines; and in 


innumerable development and production 
problems where temperature is a critical 
factor. 


Two Georgia Tech Men Top List 
of Award Winners in Eutectic’s 
$1000 Prize Competition 


J. M. Martin and C. 
the School of Chemical Engineering, 
Georgia Institute of Technology, Atlanta, 
Ga., were awarded First Prize of $500 in 
the $1000 Prize Competition for Papers on 
“Technological and Research Aspects, 
Advances and Advantages of the Use of 
Lower Melting (Lower than Parent) Filler 
Metals in the Non-Fusion Welding Proe- 
ess,” conducted by the Eutectic Welding 
Alloys Flushing, N.Y. Fifteen 
secondary prizes were awarded, totaling 
an additional $800. 


L. Ramsey, both of 


Corp., 


J. M. Martin 


MAXIMUM RESULTS 
AT MINIMUM COSTS 


REPOINT Worn Shovel 


Y 


hi 


FREE— Helpful Literature 
on newest methods for speedy 
and economical repairs. 


WRITE TODAY! i 
NEAREST 


DISTRIBUTOR 
UPON REQUEST 


TY 


time. 
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U. S. Patents 1,876,738 
% - 13429 


WEDGE BARS 


WORN TEETH repointed with MANGANAL 
Wedge Bars cost less and usually outlast new 
ones—practically eliminate build-up welding 


MANGANAL is tough and durable . 
under impact and abrasion . . . 
up to 550 Brinell. 

Available in 23 sizes to fit any worn tooth. 
For greatest strength attach with MANGANAL 
Welding Electrodes. 


$C 


and Dipper Teeth 


1,947,167 - 2,021,945 
% Manganese-Nickel Steel 


. thrives 
hardens 


SOLE PRODUCERS 
96N. J. Railroad Ave 


® Newark 5, New Jersey 


News of the Industry 


Cc. L. Ramsey 


Because of the unprecedented response 
to this past vear’s contest, 
expanded, $2000 Prize Competition has 
been announced for the coming year, with 
prizes allotted not only for purely theoreti- 
eal research but for technical application 
procedures as well. Further details of the 
1951 Competition will be released shortly, 
it was reported. 


a considerably 


Welded Hospital Building 


Service to any patient in 30 seconds will 
be possible in the new Euclid-Glenville 
hospital in Cleveland, Ohio, first hospital 
of square design anywhere in the world 
The square design, which places patients’ 
rooms around the outside walls with nurs- 


ing and service centers in a central core, 


makes possible not only service, efficiency, 
but also economy of operation and econ- 


The six-story square 
erected by 
Lincoln 


omy in construction. 
all-welded framework was 
American Bridge, using four 
Diesel-driven welding machines. 


Welding Course 


A course in welding theory and proce- 
dure is being offered in the Evening and 
Extension Division of the Rochester 
(N. Y.) Institute of Technology 
sult of efforts of the Education Committee 
of the Rochester Chapter of the AMERICAN 
WELDING Soctery. 

Three members of A.W.S. will instruct 
the course. They are Walter Dick of 
Kodak Park Works, Eastman Kodak Co.; 
Walter Kazoroski of Delco Appliance 
Division, General Motors; and Harvey 
Ainsworth of General Railway Signal Co. 


as a re- 
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\ Keep this date with a Free World’s Destiny 


For the first time in history, the metal scientists of the nations of the 


\ 

_ free world will meet to exchange ideas and discuss techniques of 
\ higher production under critical metal shortages. Because this is the 
\ first time a thing so meaningful and so unusual in international relations 

has been achieved, you'll not want to miss it—you'll find the World 
Metallurgical Congress technical sessions fascinating proof of the free 
world’s need for better understanding and better fellowship. Be an 


eyewitness at this history-making event. 
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Jarms Joins C. B. Herrick Co. 


Clayton B. Herrick, President of C. B. 
Herrick Co., 1935 Euclid Ave., Cleveland, 
Ohio, announces that Jack J. Jarms is 
joining his organization as Assistant Sales 
Manager. For the past five years Jarms 
has served Thompson Products, Ine., as 
Welding Engineer in its Jet Div. Prior to 
this experience he headed up welding sales 
and service for Williams & Co. in the 
Cleveland and Toledo territory. He has 
had valuable practical experience in 
fabricating shops and shipyards. 


serves the metal 
fabricating industry of northern Ohio as a 


C. B. Herrick Co 


representative handling equipment associ- 
ated with welding and fabricating. Lines 
handled include welding positioners, fix- 
tures for automatic welding, bending rolls, 
turning rolls and accessory items, 
Herrick says: “With Jarms’ experience 
and ability we will be ina position to render 
more service to our customers.” 


Roy L. Clark Made 
Sales Representative 
} The MeKay Co. of Pittsburgh, Pa., 


lannounces the appointment of Roy L. 
Clark as Eastern Michigan Sales Repre- 
sentative with offices at 6432 Cass Ave., 
Detroit, Mich. Mr. Clark will handle the 
sale of all MeKay mild, stainless and alloy 
are welding electrodes. 

Qualified in all phases of welding, Mr. 
Clark spent 13 years with Ford Motor 
Co. in various departments and during the 
war supervised the welding of Hulk for 
the M-4 and M-10 tanks produced by 
Ford Motor Co. In addition, he spent 
one and a half years with R. C. Mahon 
Co. as Superintendent of Welding on 
40MM Gun Bases. 
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Active in the 
Soctety’s Detroit Section for the past 12 
vears, Mr. Clark is at present Assistant 
Secretary of this section. 

Mr. Clark has been in sales engineering 
for the past six years, previous to his 
present appointment with Welding Sales 
and Engineering Co. He replaces J. W. 
Wilcock, former McKay representative in 
Detroit, who has been transferred to the 
MeKay Co. general offices in Pittsburgh. 


Holmberg Opens Consulting 
Office 


M. E. Holmberg, Southwestern metal- 
lurgist, recently announced the opening of 
his Consulting Engineer offices in the 
Bermac Bldg., 4101 San Jacinto, Houston. 
For the past 15 years Holmberg has been 
associated with the Phillips Petroleum Co, 
at Bartlesville, Okla., where, for 10 vears, 
he served as manager of Phillips Test Div. 

“The science of metallurgy is compara- 
tively new in the Southwest and in the oil 
industry,”’ said Holmberg. He added, “I 
am, of course, hoping that the freedom of 
operation afforded by the owning and 
managing of my own business will enable 
me to help pioneer the metallurgical field 
in this area.”’ 

After his graduation in Metallurgical 
Engineering from Pennsylvania State 
College in 1931 Holmberg was emploved 
by the Aluminum Company of America 
In 1932 he went with Black, Sivalls and 
Bryson, Inc., as metallurgical and welding 
engineer. He transferred to the Phillips 
Petroleum Co. in 1936 where he was simi- 
larly engaged in metallurgical testing, in- 
spection and recommendation. In addi- 
tion, Holmberg represented the company 
on many committees of numerous technical 
societies. Among those were the important 
production committees of the American 
Petroleum Institute. 


Personnel 


Technical journals throughout the coun- 
try have reprinted scientific papers written 
by Holmberg. Among these are ‘“Weld- 
ing Alloy Steels for High Temperature 
Service,” which appeared in Tok WeLpinc 
JourRNAL; “Some Metallurgical Observa- 
tions with Respect to Corrosion in Distil- 
late Wells,” which was seen in Corrosion 
magazine; and “Corrosion in Hydro- 
fluoric Acid Alkylation,” an article co- 
authored by F. A. Prange and printed in 
“Industrial and Engineering Chemistry.” 

Holmberg is a member of the American 
Society for Metals (A.S.M.); American 
Society for Testing Materials (A.S.T.M.) 
AmERICAN Society (A.W.S.): 
National Association of Corrosion Engi- 
neers (N.A.C.E.); and the Society for 
Experimental Stress Analysis 

Holmberg, his wife and three children 
have taken permanent residence at 5720 


H.M.C., Houston. 


Thompson Made President 

British Institute of Welding 

Howard Thompson, chairman and man- 
aging director of Thompson Bros. ( Bils- 
ton), Ltd., has been instituted as national 
president of the Institute of Welding 
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Years 


on the 


Rock Pile 


Q)| 


These kard-faced rock-crusher rolls have already outlasted 
unprotected rolls 12 times—and they are still in operation. 


The hard-faced rolls on this rock-crusher mill 
have been in constant operation for six years. 
During this time, the rolls have been pulverizing 
such abrasive materials as ferro-alloys, ore, dolo- 
mite, feldspar, rock, sand, and clay used for 
making brick. Unprotected rolls, performing the 
same operations, had to be replaced every four 
or five months. 

The serrated roll shown at the right in the 
photograph is the roughing roll used for initial 
grinding or milling. The smoother roll, at the 


left, is a finishing roll used to grind the abrasive 


HAYNES 


TRADE-MARK 


materials into a powder. Both rolls were hard- 
faced with Haynes STELLITE alloy by the metallic- 
arc process to protect them from abrasion. 

The new 40-page booklet, “Haynes Alloys— 
Hard-Facing Manual,” gives the whole story on 
hard-facing. Lf you would like a copy of this 
booklet, write to our nearest district office. 

If you visit the National Metals Exposition 
in Detroit, be sure to see our display of hard- 
facing materials and other Haynes alloy products 
in Area F-440. Our engineers will be glad to 


discuss your hard-facing problems with you. 


Haynes Stellite Company 


A Division of 
Union Carbide and Carbon Corporation 


General Offices and Works, Kokomo, indiana 
Sales Offices 
Chicago — Cleveland — Detroit — Houston 
Les Angeles—New York—San Francisco—Tuisa 


“Haynes” and “Haynes Stellite” are trade-marks of Union Carbide and Carbon Corporation 
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brazing essential 
aluminum assemblies should have 
the help of their 


LOCAL ALCOA DISTRIBUTORS 


For group instruction in brazing or welding 
aluminum, there’s nothing like Alcoa’s technical 
library . . . 4 how-to-do-it motion pictures, plus 

a 186-page book. Ask your Alcoa Distributor about 
them. You'll find him listed under “aluminum” 

in your classified phone book. Or write ALUMINUM 
COMPANY OF AMERICA, 1944K Gulf Building, 
Pittsburgh 19, Pennsylvania. 


Complicated | ports con be joined 
i by braz- 
ing. See your Alcoa 


FIRST IN ALUMINUM 


Personnel 


Mr. Thompson is president of the 
Wolverhampton branch of the institute, 
of which he was the first chairman when 
the branch was formed in 1945. Mr. 
Thompson was the first postwar president 
of Wolverhampton Chamber of Commerce 
in 1945. 

Thompson Bros. have long been as- 
sociated with Welding and Metal Fabrica- 
tion, dating as far back as 1880 and have 
been responsible for some outstanding 
work in this field of Engineering. Their 
products are in use in many parts of the 
world. 


W. B. Browning Joins N. P. A. 


Appointment of William B. Browning to 
the Welding Equipment Section, Metal- 
working Equipment Div., N.P.A., was 
announced on August Ist by Dale D. 
Spoor, Chief of the Section. Mr. Brown- 
ing is reporting to Washington immediately 
as a specialist on acetylene welding and 
cutting apparatus and welding rod. A 
veteran of over 25 years in the welding 
industry, Mr. Browning has, for the past 
eight vears, been Manager, Process Serv- 
ice, Southern Region, The Linde Air 
Products Co., in Birmingham, Ala. Prior 
to that time he was with Linde and the 
Oxweld Railroad Service Co. in Chicago, 


He has been active in AMerIcAN WELD- 
1InG Society and International Acetylene 
Assn. affairs on both a local and national 
level for many years. The gas welding 
industry will welcome the addition of his 
long and varied experience to the Welding 
Equipment Section staff. 


Annual Dinner—Award 
of Medals and Prizes 
Thursday —7:30 P.M. 
Grand Ball Room 
Dinner Speaker: Epaar A. Guest, 
Famous Poet 


Dinner will be held Book-Cadillac 
Hotel, Detroit Michigan, Oct. 18th. 
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Hardfacing Rods saves you materials 


How AMSCOATING with Amsco 
+ manpower . . . money. 


How to make short work of a long shutdown! 


This AMSCOATED Pulverizer Hammer 
has cut replacements over 90% to date! 
Big savings are bound to result when you can reduce f 
shutdowns and replacements. For example, coal pulverizer : a: 
AMSCOATING...stands hammers in a Southern plant were lasting about 5 days : 
before a complicated dismantling job for replacement i 
for control of wear was necessary. Some hardfacing methods had been 


by Hardfacing... tried, but the results’ still weren't good enough _ 

- to bring costs down to earth. j 
Hardfacing rods—and recommen- Recently test hammers were AMSCOATED r : 
dations for their use—are as sound with an Amsco Rod specially developed for this type A 
as the manufacturer who makes of service . .. and the hammer you see above is now making { ie 
them. AMSCO has been fighting service life history! Why? f e 


wear for a half-century—first with The plant superintendent reports that the AMSCOATED 4 

Manganese Seeel, and later with hammers are lasting 14 times longer than plain hammers . .. 

AMSCO Hardfacing Products. over twice as long as hammers hardfaced by any other i: 
If you have a problem of wear method tested . . . that they’ve been in service 72 days 

caused by impact, abrasion, heat and are still going strong! 

This actual example is one of many AMSCOATING 


or corrosion .. . 


applications that are in /ower maintenance 
Find out how AMSCOATING can and replacement costs. . . . higher production. Write today i : 
save you materials . . . manpower for catalog on dollar-savi ing AMSCO rods and the name ; q 
«money! of your nearest AMSCO distributor. 


AMSCOATING 


THE RIGHT WAY TO SAY HARDFACING 


AMERICA 


| Brake Shoe 


Other Plants: New Castle, Del., Denver, Oakland, Cal., Los Angeles, St. Louis. In Canada: Joliette Stee! Division, Joliette, Que. 
Amsco Welding Products distributed in Canada by Canadian Liquid Air Co., Ltd 
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OF VEW MEMBERS 


ATLANTA 


De Fore, Norman L. (C) 
Gowdy, Allen C. (B) 


BIRMINGHAM 
Beldon, W. F. (B) 
BOSTON 
Charnley, 
CANADA 
Asplin, A. G. (C) 
CINCINNATI 

Denton, Charles H. (C) 
CLEVELAND 

Carlsen, N.S. (C) 

Chew, Charles R. (C) 
Toerge, Walter F. (B) 
DAYTON 

Troy, M. Frank (C) 
Wheeler, @. Clinton (C) 
DETROIT 

Ziegler, Philip C. (C) 
EASTERN ILLINOIS 
Sinnamon, George K. (C) 
HARTFORD 

Brody, Robert P. (C) 
Wedemeyer, John A. (B) 
HOUSTON 


Baughman, Rov M. (B) 
Lusteck, Joseph A. (B) 
Smith, William H. (B) 
Tolin, Richard B. (B) 


INDIANA 


Thomas L. (B) 


’ Brenna, Lloyd Jerome (B) 
_ LEHIGH VALLEY 
Walck, John A. (C) 


August I to August 31, 1951 


LOS ANGELES 
Mace Kellar, D. Douglas (B) 


MARYLAND 


Brown, William (C) 
Clark, William 8. (C) 
Fountain, H. Albert (C) 
Goebel, J. Howard (C) 
Koontz, C. W. (C) 
Kreppel, Frederick J. (C) 
Malloy, John A. (B) 
Phillips, Arthur (C) 
Sanders, Kermit H., Sr. (C) 
Smith, C. Emerson (C) 
Sommerfeld, Joseph F. (C) 
Tarrant, Raymond G. (C) 
Zink, Allan (C) 


MILWAUKEE 

Federer, Jerome (B) 
Holler, Harold G. (B) 
Warzyn, Willard W. (B) 
NEW JERSEY 
Johnson, John 8. (C) 
King, R. J. (B) 

NEW YORK 


Florian, John (C) 
Rosenbaum, Kurt (B) 
Viggiano, Theodore (B) 
Weber, Wilmer W. (B) 
NIAGARA FRONTIER 


Forte, Link (C) 
Householder, John H. (C) 
Hutchinson, James Dana, Jr. (C) 
Klein, Milton T. (B) 


NORTHWEST 
Trowbridge, 8. C. (C) 
NORTHWESTERN PA. 
Oless, Philip J. (C) 


OKLAHOMA CITY 
Collier, Jewell T. (C) 


Witte, M. A. (B) 


PASCAGOULA 


Brun, George L. (B) 
Schaeffner, C. Richard (C) 


PEORIA 


Baanes, John R. (C) 
Maquet, Gerald (C) 
Piecony, Leonard C. (C) 
Saylor, A. T. (C) 
Warner, Robert A. (C) 


PHILADELPHIA 
Miller, William W., 
PITTSBURGH 
Mink, Charles 8. (C) 
Semmer, M. R., Jr. (C) 
ROCHESTER 

Brown, Henry H. (A) 


SAGINAW VALLEY 


Verstraeten, Pierre 8S. (D) 
Wharram, Bruce A. (D) 


ST. LOUIS 


Correll, Donald 8. (B) 
Kluck, R. 8. (C) 
O'Neill, Robe “rt (B) 
Stueck, Neil (C) 
Taylor, David D. (B) 


SAN FRANCISCO 
Chandler, M. H. (C) 
Crellin, E. A. (C) 
TULSA 

Postewaite, J. (B) 


NOT IN SECTIONS 
Roush, Henry E. (C) 
Stover, Charles R. (B) 
Hashimoto, 8. (B) 

Patz, A. W. (B) 

Suter, (B) 


Jr. (C) 


Westendarp, Otto W. (B) 
Yamashita, Isamu (B) 


Members 


Reclassified 


During the month of August 
CHATTANOOGA 

Wilson, R. G. (C to B) 
CHICAGO 


Biggins, J. P. (C to B 
Comstock, Harry H. (C to B) 


DAYTON 


Schulmeister, H. F. (C to B) 
Shultheis, Clarence (C to B) 


HARTFORD 

Lefebre, Alfred (C to B) 
HOUSTON 

Drury, B. B. (C to B) 
LOS ANGELES 


Klein, A. A. (C to B) 
Reese, C. E. (C to B) 


OKLAHOMA CITY 
Ryland, Sam P. (C to B) 
PHILADELPHIA 


Brown, Clement F. (C to B) 
Middlestead, C. W. (C to B) 


PORTLAND 

Brunkow, W. D. (C to B) 
PUGET SOUND 
O’Brien, J. W. (C to B) 
ST. LOUIS 

Pennewill, G. W. (C to B) 


(Continued from page 932) 


Pipe Lines. 


Workmanship in Welding Industrial Piping. 


Heating, Piping & Air Conditioning, vol. 23, no. 2 (Feb. 1951), 


pp. 06-97, 99. 


Power Plant Equipment. 


‘fferson 


ressure Vessels, Manufacture. 
Machy. 


Pressure Vessels. 


More Welding at Fort Peck, T. B. 
Welding Engr., vol. 36, no, 6 (June 1951), pp. 17-19, 


Fabrication of Heavy Welded 


(Lond.), vol. 78, no. 2014 (June 21, 


1951), pp. 1019-1028, vol. 79, no, 2018 (July 19), pp. 108-112. 


Protective Coatings. 


Metal Surfacing for Original Parts. 


Ship Design. 


10,000 Ton Dry-Cargo Ship, 


Vibration Tests of All-Welded and All!-Riveted 
A. J. Johnson. 


Shipbldr. & Mar 


Engine-Bldr., vol. 58, no. 511 (Apr. 1951) (Annual Int. No.), pp. 
305-315; see also Engineer, vol. 191, no. 4965 (Mar. 23, 1951), pp 


383. 


Shipyards, Fume Control. 


Furnew Fume Disperser. 


Ship- 


bldg. & Shipg. Rec., vol. 77, no. 15 (Apr. 12, 1951), p 450. 


Shipyards, Power Supply. 


yards, J. 8. McCulloch. 

1951), pp. 545-546. 
Ships. 

Massenburgh and C. 


Electric Welding 
Engineering, vol. 171, no. 4449 (May 4 


Repair and Conversion of Heavy Freighters, 
Hutchinson. 


wad in Ship- 


W. 
Industry & Welding, vol. 24 


Product Eng., vol. 22, no. 7 (July 1951), pp. 122-124. 

Radioactive Materials. Isotopes in Metal Fabrication, C. B. 
Fergusson. Metal Industry, wal 78, no. 22 (June 1, 1951), pp 
439-441. 

Road Machinery. Wood Manufacturing Co. Gets Low Cost 
and Design Flexibility with Welded Components, F. M. Burt. 
Western Metals, vol. 9, no. 6 (June 1951), pp. 48-49. 

Shipbuilding. Transverse C Reaction Stresses 
in Butt Welded Mild Steel Plates, R. Week. Great Britain. 
Admiralty Ship Welding Committee Report No. R.4, London 
(1950), 92 pp., diagrs. 


948 List of New Members 


no. 5 (May 1951), pp. 44-46, 48. 

Soldering, Electric. Induction Solders to Size, C. H. Yetman. 
Am. Mach., vol. 95, no. 13 (June 25, 1951), pp. 102-103 

Soldering and Brazing, W. J. Smellie. Meta! Industry, vol. 79, 
no, 3, (July 20, 1951), pp. 43-45, no. 4 (July 27), pp. 67-70, no. 5 
(Aug. 3), pp. 83-86. 

Stainless Steel. Are Welding of Stainless Steel, M. N. Vuch- 
nich. Can. Metals, vol. 14, no. 5 (May 1951), pp. 34-35, 38, 41- 
42. 


(Continued on page 970) 
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You can nack more Ti0, 
into WELDING ROD 
COATINGS 


Greater arc stability ... faster metal melt... easier slag removal . .. 
more protection of weld metal—these are the benefits gained by 
using titanium dioxide in welding rod coatings. Now, by using 
TITANOX-TG as your source of titanium dioxide, you can get a 
better controlled, higher TiO, content in your coatings. 

rITANOX-TG is a non-pigmentary grade of titanium dioxide with 
a remarkably low content of phosphorus, sulphur and volatile 
metals including zinc and antimony. This purity, plus the fact 
that TITANOX-TG requires much less silicate binder, makes it pos- 
sible to increase appreciably the TiO, content of the coating in ac- 
curately controlled amounts. 


Free-flowing, non-sticking and non-balling, highly purified 
TITANOX-TG contributes to faster, more economical production, 
especially when dry blending is employed. It also facilitates the 
manufacture of small diameter rods. Our Technical Service De- 
partment will be glad to help you adapt TrraNOXx-?1G to yo ir tita- 
nium-coated electrodes. Titanium Pigment Corporation, LIL 
Broadway, New York 6, N. Y.; Boston 6; Chicago 3; Cleveland ; 
15; Los Angeles 22; Philadelphia 3; Pittsburgh 12; Portland 9, 
Ore.; San Francisco7. In Canada: Canadian Titanium Pigments 
Limited, Montreal 2; Toronto 1. 


TITANOX 


TITANIUM PIGMENT 
CORPORATION 


Subsidiary of NATIONAL LEAD COMPANY 
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PRODUCTS 


Aluminum Solder 


All-State Welding Alloys Co., Ine., 
White Plains, N. Y., announced that it has 
developed a lead-free aluminum solder 
rod, melting at 400° F. and flowing at 
150° F., that is opening many new fields 
in a variety of industries due to the fact 
that it can be applied with ordinary solder- 
ing irons and that its performance is fully 
equal to that of higher melting-point 
solders which must be applied by torch. 

This new rod is identified as No. 37 
aluminum solder rod and, while made 
especially for soldering-iron application, it 
can be applied by any indirect heating 
method. It is used with All-State No. 37 
Brazaloy flux. Properly applied, it will 
withstand pressures of 1000 psi. No. 37 is 
for work on all types of aluminum except 
248T and also for work on aluminum to dis- 
similar metals. In wide application on 
electric and neon signs, television and 
radio chassis, lighting fixtures and elec- 
tronic equipment and instruments, it has 
proved to have good matching color and 
good corrosion resistance. 


Transformer Welder 


Air Reduetion Sales Co., a Division of 
Air Reduction Co., Inec., has announced a 
new 200-amp. transformer welder. 

The Airco Model MCM 200-amp. trans- 
former welder is designed for general main- 
tenance and production welding. It is a 
rugged unit with easy-to-operate controls 
and is built for long, dependable service in 
garages, job shops and industrial plants. 

The MCM has a full 200-amp., 50% 
duty evele, N.E.M.A. rating. Four varia- 
tions are available--220-v. or a 220/440/- 
550-v. unit, each with or without power 
factor correction. 


Two open-circuit voltages are pro- 
vided—80 v. on the low range and 55 v. on 
the high range. This combines easy are 
starting with a lower kva. demand load 
and primary ampere current. 

Safe, dependable operation is assured by 
complete, up-to-the-minute — insulation 
throughout. The easy-to-read current indi- 
cator affords quick adjustment of welding 
current. Maintenance cost is low because 
there are no moving parts. And each 
part is designed for long life even under 
the toughest operating conditions. 

For further information about this new 
welder, write to your nearest Airco Sales 
office or Air Reduction, 60 E. 42nd St., 
New York 17, N. Y. 


Hard-Overlay Electrode 


For all-around use where a relatively 
inexpensive hard-overlay electrode is re- 
quired and when the higher priced high- 
alloy overlays do not seem warranted, 
Eutectic has released its new ““EuteChrom 

EuteChrom 2X for a.-c., d.-c. are weld- 
ing is a FrigidAre flux-coated alloy that 
deposits strong, dense overlays with good 
corrosion resistance at lower amperages, 
thus minimizing dangers of distortion and 
stress, 

This new hard-overlay electrode is 
recommended for use with carbon- and 
alloy-steel surfaces that are subjected to 
severe abrasive wear and comparatively 
mild impact. 

EuteChrom 2X is claimed to be the first 
vastly stronger overlay remaining in the 
intermediate price range while offering 
excellent standards of resistance to wear, 
abrasion, impact or corrosion normally 
associated with far more costly hard over- 
lays. 

Available in '/s, °/s2, and in. 
diameters. Further details, specifications, 
prices, etc., may be obtained from Eutectic 
Welding Alloys Corp., Dept. P, 172nd St. 
and Northern Blvd., Flushing 58, N.Y. 


Noncorrosive Flux 


Manufacturers who are encountering 
difficulties with corrosion resulting from 
soft-soldering operations will be interested 
in an improved flux developed by the 
Superior Flux & Manufacturing Co. Elec- 
tronics parts manufacturers, where flux 
corrosion would be destructive, will find 
this improved No. 3 flux the answer to 
their problems. 

Companies making cans and other tin- 
plate products, who may be forced to use 
black sheet, may also find in this flux a 
complete answer to corrosion and rusting 
difficulties. This is because the mild 
acidity of the flux is neutralized by the 
heat of the soldering operation, leaving a 


New Products 


residue that is normally noncorrosive, 
nonhygroscopic, nonconductive to electri- 
citv and nonfuming. 

Manufacturer states that sample of flux 
for testing purposes will be sent free upon 
request. Address inquiry: Superior Flux 
& Manufacturing Co., Dept. K, 1302 
Ontario St., Cleveland 13, Ohio. 


Hard Facing Rod 


Wall Colmonoy Corp., 19345 John R St., 
Detroit 3, Mich., announces a new hard- 
facing rod—Wallex. This rod has been 
laboratory and field tested during the past 
two vears. 


Wallex is an oxyacetylene hard-facing 
rod for abrasion resistance with good 
impact and corrosion resisting properties. 
It is composed of chromium, molybdenum, 
manganese, silicon, carbon and iron and 
has the following properties: Abrasion 
resistance, excellent; impact resistance, 
good; corrosion resistance, good; hard- 
ness, 57-61 RC; melting point, 2375° PF. 
(approx, ). 


Device to **Take the Welder Out 
of the Dark” 


A new product called the Argyle ““Quik- 
Lift Window” has been announced by the 
Argyle Mfg. Co., Colchester, Ill. Accord- 
ing to the manufacturer, the “Quik-Lift 
Window” makes it unnecessary to swing 
back a welding hood when changing weld- 
ing rod or positioning small pieces for 
welding. 

The Argyle product consists of an alumi- 
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Here, Alco welders help meet production schedules on locomotive frames, vital to defense, by using G-E a-c weld- 
ers. AC welders eliminate troub! arc-blow encountered when welding high-tensile steels with d-c equipment. 


100°, WELDED! 


Here’s How Alco Produces Road Locomotive Frames with G-E Welders 


Diesel-electric road locomotive frames are 100% a-€ | 
welded at the Schenectady, N. Y., plant of Americag 
Locomotive Company. Alco welding engineers report 
that General Electric a-c welders eliminate troublesome 
arc-blow, make for easy striking, cost less than d-c, usé€ 
less power and are easily maintained. 

Like the American Locomotive Company, you ma 
also find that you can speed production by using Gk 
a-c welders. For example... 


YOU CAN WELD BETTER WITH AC 

You have complete control of the arc in all positions 
because G-E a-c welders eliminate troublesome arc-blow, 
This reduces the danger of undercutting and slag inclue 
sions and produces better welds. : 


YOU CAN WELD FASTER WITH AC 

In almost every case you can use higher currents and 
larger electrodes. That means more footage. Users ré@ 
port increases of 10 to 50%. 


YOU CAN WELD AT LOWER COST WITH AC 


oh G-E a-c welders cost less than d-c equipment of the 
blow with G-E a-c welders enables this operator to lay an even same rating. They use only one-fourth as much power 
corner bead in any position. when idling and have much lower load losses. And be- 
cause there are no rotating parts, maintenance is prac- 
tically negligible. 


SEE YOUR G-E WELDING DISTRIBUTOR! 

He’s listed in the yellow pages of the telephone direc- 
tory. Just look for General Electric under “Welding 
Equipment.” Your distributor carries a complete line of 
welders, accessories and electrodes. General Electric, 
Schenectady 5, N. Y. 


GENERAL ELECTRIC 


7-17 


Shown above are two of the many G-E a-c welders used at Alco. 


J 


Low Hydrogen E 
Weld High Tensile Steels _ 


Without Preheating 


NAX 


LOW-ALLOY STEELS 
® Great Lakes Steel Corp. 


AW DYNALLOY 


@® Alan Wood Steel Co. 


US'S COR-TEN 


® United States Steel Co. 


OTISCOLOY 


@® Bethlehem Steel Co. ® Jones & Laughlin Steel Corp. 


HI-STEEL 


® Inland Steel Co. 


REPUBLIC ALDECOR 
® Republic Steel Corp. 


For more information request e Booklet—ABC’s of Welding High 
Tensile Steels e Selector Chart 9501—Welding Trade Named 


ARCOS CORPORATION 1500 South 50th St.. Philadelphia 43, Penna. 
for “peace of mind” 


WELD 


Stainless, Low Hydrogen and Non-Ferrous Electrodes 


num frame which fits on the front of the 
hood and contains a moveable smoked 
glass. A mouth piece is fitted into the 
inside of the hood; the welder causes the 
smoked glass to move up and permit vision 
through the protective clear glass by blow- 
ing into the mouthpiece. By so doing, he 
can change welding rod or position smal] 
pieces without swinging back his hood, 
and has sight of the job right up to the 
instant he strikes an are again. To bring 
the smoked glass back down, the welder 
sucks in on the mouthpiece. 

According to the manufacturer, the sav- 
ing of time by this method increases a 
welder’s efficiency and output by as much 
as 30%. The ‘‘Quik-Lift Window’’ is 
said to fit any hood and not to affect the 
hood’s flexibility. It sells for $17. 


New No. 50 Travograph 


Air Reduction Sales Co., a Division of 
Air Reduction Co., Inc., has announced 
the Airco No. 50 Travograph, the latest 
addition to its complete lines of high- 
quality gas cutting machines. 

Many years of research and field experi- 
ence have gone into the development of 
this new heavy-duty pantograph-type 
cutting machine with lasting, built-in 
accuracy for precision cutting. Guided 
by manual, magnetic or electronic tracer, 
the Aireo No. 50 Travograph will cut an 
unlimited variety of shapes from steel 
plates, slabs, billets and forgings and makes 
equally practicable and economical the 
cutting of either one or a few parts or 
identical parts on a quantity-production 
basis. 

All-welded, heavy-gage steel construc- 
tion gives this machine everlasting strength. 
The rigid rail assembly, made of specially 
rolled tracks with accurately machined 
surfaces, provides a smooth runway for the 
carriage. Guide rollers on the carriage 
base keep the carriage on a true, vibration- 
free course. And flame-hardened carriage 
wheels insure long service life. Precision 
machined operating bar affords easy 
movement of torch holders. The large- 
diameter ball bearings incorporated in the 
pantograph arm hinges and operating bar 
result in smooth, aecurate response to the 
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ust one example 


Two girls easily braze 560 electrical transformer con- 
nectors per hour with the motorized turntable set- 
up below. They merely place and flux parts and 
EASY-FLO wire rings and remove finished assem- 
blies. Brazing is done automatically as assemblies 
pass over the natural gas burners around half the 
table edge. It’s as simple as that. 


AT THE METAL SHOW 


y job in action...See many examples joining problems with our experienced 
of EASY-FLO and SIL-FOS brazed engineers. 
OCTOBER 15-19 parts from both detense and domestic BOOTH F-315 . 


| EASY-FLO and 


SEE aon actual production brazing 


SUL°FOS 


I. joining metals, you always want strong, lasting 
joints—and you want them in the fastest possible time 
with the least amount of labor, because that means low 
cost. 

And that’s precisely why you want to braze with 
EASY-FLO and SIL-FOS wherever and whenever you 
can—on defense production as well as domestic pro- 
duction. Fast, low-cost metal joining is inherent in the 
make-up and properties of these low temperature silver 
brazing alloys. In fact, with EASY-FLO and SIL-FOS 
you can reduce brazing to a simple push-button opera- 
tion and get any metal joining output you need. 


This is a proven fact. Thousands of manufacturers 
have done it on an amazing variety of ferrous, non- 
ferrous and dissimilar metal assemblies. All it takes 
is proper joint design and alloy application plus a 
little production-wise planning of the job. 


A Brazing Expert is at your call 


Without cost or —— we'll send to your plant 
one of our experienced Field Service Engineers. He can 


tell you if, where and how you can use EASY-FLO and * 


SIL-FOS to advantage. Be assured he will make no 
recommendation he cannot justify on the basis of better 
results for you. You can’t lose by having him 
look over your metal joining work. Just con- 
tact our nearest office or agent and say when. 
24 PAGES OF USEFUL BRAZING FACTS 
IN BULLETIN 20. Write for a copy today. 


HANDY & HARMAN 


82 FULTON STREET * NEW YORK 38, N. Y. 


Providence, R. |. * Toronto, Canadc 


Agents in Principal Cities. 


. 


production... Talk over your metal 


Bridgeport, Conn. * Chicago, Ill. * Los Angeles, Cal. 
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STAINLESS STEEL 
has great strength . . . but its strength 
is limited by the quality of welds 
which seal the joints. In all kinds of 
manufacturing—military work in 
particular—stainless is being used 
more widely. If you weld stainless, 
choose electrodes with care. 


PAGE STAINLESS STEEL 
ELECTRODES, AC or DC, givea 
stable arc under all conditions. 

The metal flows smoothly. Slag is clean 
and easily removed. The coating 

resists cracking down to very short 
stubs. Now available in 10-lb. lined, 
hermetically sealed metal cans which 
can be reclosed. Be sure... specify 
Page Stainless Steel Electrodes. 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, 
ngeles, New York, Philadelphic, Portland, 
Sen Francisco, Bridgeport, Conn. 


PAGE STEEL AND WIRE DIVISION 
AMERICAN CHAIN & CABLE 
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Automatic Metallizing 
Equipment 
Cor DC .the T Designed and built for specific pro- 
duction applications by Metallisation, 


Ltd., of Dudley, England, fully auto- 
matic metallizing equipment is now avail- 
able in this country through the Dix 
Engineering Co., Inc., 1415-17 Dix Rd. 
Lincoln Park, Detroit 25, Mich. 


movement of the tracer. The Thym-o 
trol controlled carriage-drive motor unit is 
self-contained and provides stepless, ac- 
curate variations in carriage speeds from 2 
to 168 in. per minute. The carriage 
remote-control box can be mounted on the 
operating bar along with the remote con- 
trols for the gas distribution system and 
other auxiliary equipment to provide the 
utmost in convenience—a complete 
tor’s station.” 

For further information about the new 
Airco No. 50 Travograph, write to your 
pearest Airco Sales office or to Air Reduc- 
tion, 60 KE. 42nd St., New York 17, N.Y. 


Illustrated above is a section of one of 
several automatic units in daily use on 
varying applications. In this case, 2-in. 
diameter scaffold pipe is being blasted 
and metallized with pure aluminum 0.004 
in. thick at a speed of 1200 linea! feet per 
hour. More than forty feet long, this 
machine is so effectively controlled that 
only two men are needed for its efficient 
operation. Extremely low cost of oper- 
ation results, in this instance, in a total 
cost (including labor, material and over- 
head ) of less than ten cents per square foot 
for both blasting and metallizing. 


Tweco Trademarks 


The United States Patent Office has just 
issued to Tweco Products Co. official 
registration on the following trademarks 
covering Tweco Products. This exclusive 
marking is on products that have been sold 
to the welding trade for many years: 
TWECO, TWECOTONG, HOL-GRIP, 
MEC-CON, SOL-CON and SUPER- 
MEL. 
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HIS welded sphere was made to do a 
vital job in an important project. The 
welded girth seam had to be sound. What’s 
more, the engineers had to know it was sound. 
That called for radiography. For radiog- 
raphy would reveal any serious lack of fusion 
or gas porosities. It would prove the sound- 
ness of the weld. 


Radiography... 


another important function of photography 


Radiography 
proved its 


This is one reason radiography has opened 
new fields to welders. It is the reason welding 
has become accepted even in making pres- 
sure vessels, 

If you would like to discuss the ways 
radiography can help increase your business 
and build a reputation for high-quality work, 
get in touch with your x-ray dealer. 


EASTMAN KODAK COMPANY 
X-ray Division - Rochester 4, N. Y. 


TRADE -MARK 


its work was critical... | 
~ 

Kodak 


Cincinnati 


The Cincinnati Section announces the 
election of officers for 1951-52 as follows: 
Chairman, Edward L. Foote, Interstate 
Welding Supply Corp.; First Vice-Chair- 
man, Julius Bergmann, Cleves Welding & 
Machine Service; Second Vice-Chairman, 
Harry C. Baker; Secretary-Treasurer, 
Robert F. Martin; Chairman, Membership 
Fred Turrill, Turrill Ine.; 
Chairman, Program Committee, Wm. High- 
wood, Highwood Service Co.; and Tech- 
nical Representative, William Maddox. 


Committee, 


Cleveland 


On October 10th the Cleveland Section 
will meet jointly with the Great Lakes 
Section of the Society of Naval Architects 
and Marine Engineers. The meeting will 
take place in the Mather Room of the 
Allerton Hotel in Cleveland, Ohio. Din- 
ner will be served at 6:30 P.M., followed 
by a technical session at 8:00 P.M. 

The principal speaker at the Technical 
Session is John L. Horton, Marine Super- 
intendent of the Cleveland-Cliffs Iron Co. 
Mr. Horton will speak on the newest addi- 
tion to their fleet, the S.S. Cliffs Victory. 

In November 1950 it became apparent 
to the Cleveland-Cliffs Iron Co., that the 
demand for ore was increasing at a rate 
which exceeded their fleet capacity. Since 
all building ways on the Great Lakes were 
filled until 1953, it was apparent that some 
other means would have to be devised to 
obtain additional capacity. They finally 
decided upon what seemed to be a daring 
scheme. They would purchase a standard 
Victory ship and convert it for the purpose 
of carrying iron ore. To do this, it was 
necessary to cut the ship in half, lengthen 
it 165 ft. by the addition of a new section 
in the center, and to remove the decks and 
construct ore cargoholds. This work was 
accomplished in record time at the Beth- 
lehem Ship Building Co., Baltimore, Md., 
and the ship was towed up to the Great 
Lakes through the Mississippi River, the 
Illinois River and the Chicago Drainage 
Canal, where it went into service June 2 
1951. 

Mr. Horton will deseribe the problems 
involved in converting this all-welded ship 
to their use and he will present a sound 
motion picture showing the steps involved 
in its conversion and transfer to the Great 
Lakes. 

The arrangements for this meeting were 
handled by Kent C. Thornton, represent- 
ing the Naval Architects and Robert 
Henry, program chairman of the A.W.S., 
Cleveland Section. 
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Detroit 


The Detroit Section announces the elec- 
tion of officers for 1951-52 as follows: 
Chairman, Keith Sheren; First Vice- 
Chairman, A. E. Lindsey; Second Vice- 
Chairman, R. H. Bennewitz; Secretary- 
Treasurer, J. R. Stitt, The R. C. Mahon 
Co.; Asst. Secretaries, J. M. Johnston, 
Murray Corp. and Roy L. Clark, Dear- 
born, Mich.; Chairman, Membership Com- 
mittee, B. R. Hawks, Ace Welding Supply 
Co.; Chairman, Program Committee, A. E. 
Lindsey, Ford Motor Co.; Technical 
Representative, L. E. Wagner, University 
of Michigan. 


Houston 


The following is the program of meetings 
for the coming season of the Houston 
Section. 

September 20th, University of Houston, 
“Graphitization of Carbon Steel at Ele- 
vated Temperatures.” by John Cook. 

October 18th, Ben Milam Hotel, “Hard 
Facing.” 

November 15th, Ben Milam Hotel, 
“Metallurgy for Welders and Supervisors.”’ 

December 14th, Ben Milam Hotel, 
“Your Choice,’’ Social Program. 

January 24th, Ben Milam 
“Resistance Welding, Spot and 
Welding.” 

February 21st, Ben Milam Hotel, “‘Non- 
destructive Testing, X-Ray, Magnaflux.”’ 

March 20th, Ben Milam Hotel, 
“Shielded Arc, Inert-Gas Metal-Are Weld- 
ing, and Fabrication of Nonferrous 
Vessels.”’ 


Hotel, 
Flash 


April 17th, Tour—Hughes Tool Plant. 

May 15th, Symposium, “Welded Steel 
Buildings, Design, Fabrication and In- 
spection, and Erection.” 

June 15th, Installation of Officers and 
Social Program. 

The following men were appointed by 
Chairman 8. C. Hamilton. Program 
Chairman, Ben H. Allen, Mosher Steel Co. 
Membership Chairman, E. H. Lambright, 
Ind. Welding Supply; Technical Repre- 
sentatives, Carl Luger, K. E. Luger Steel 
Co., and Bill Greer, Southwestern Labo- 
ratory. 


New Jersey 


The New Jersey Section announces the 
following tentative program for the year. 
September, Symposium on Inert-Gas 
Shielded Metal-Are Welding; October, 
Covered Electrodes, Characteristics and 
Applications; November, Cast Weld- 
ments; December, Interpretations of 
Codes as Applied to Welded Construction ; 
January, Joint A.S.M.E. Meeting, Electric 
Are Machining; February, The Role of 
Welding in Industry; March, Fabrication 
of High-Temperature Piping; April, Sym- 
posium on Cutting of High-Alloy Steels 
and Some Nonferrous Alloys; May, Open. 

Officers for the 1951-52 season are as 
follows: Chairman, F. H. Yurasko, Stand- 
ard Oil Development Co.; Secretary, N. 
Kiernan, Metal & Thermit Corp.; Vice- 
Chairman, F. O. Bodine, Midwest Piping 
& Supply Co.; Treasurer, K. H. Koopman, 
The Linde Air Products Co.; Program, W. 
Benz, M. W. Kellogg Co.; Membership, 
J. Gunning, Electric Are Cutting & Weld- 


Display board used during New Jersey Section Meetings containing copies iWws 
publications 
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is; foo, is an important end « « 


this is the finest needle valve 
any torch has the good fortune to 
call its own — NO FLICKE 


STEM LEAK — N 


Everybody who has used a welding or cutting torch 


Here, then, are needle valves which work all of the 


knows what trouble poor needle valves can cause; time. Special metal reinforced packing, under multi- 


every operator appreciates that the needle valve directional tension, keeps a gastight joint and firmly 
guides and holds the stem to prevent looseness. Be- 


is the final flame control. 


fore you buy your next torch, test for yourself the 


many advantages NATIONAL can offer you. 


j * 
Made by National fre EQUIPMENT CO., San Francisco 5, California 
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Officers New Jersey Section. 


Left to right, Secretary N. Kiernan; Junior Past 


Chairman WW. Begerow and Chairman F. H. Yurasko 


ing Co.; Advertising, P. Harnett, Air 
Reduction Co.; Publicity, T. MeElrath, 
The Linde Air Products Co.; Advisory, 
T. B. Smith, Bethlehem Steel Co.; Edu- 
cational, G. W. Nigh, Tide Water Assn. 
Oil Co.; Technical Representative, F.C. 
Fyvke, Standard Oil Development Co.; 
Pienic, E. W. Evanson, Essex Welding & 
Equipment Co. 


New York 


An excellent paper was presented by 
W. B. Bunn of the M. W. Kellogg Co. on 
the subject “Fabrication of Welded Pres- 
sure Vessels” at the September 13th meet- 
ing of the New York Section. Dinner at 
Schwartz's Restaurant, 54 Broad St., pre- 
ceded the meeting. There was an attend- 
ance of 68 at the dinner and 95 at the 
meeting. 


Oklahoma City 


The Oklahoma City Section announces 
the election of the following officers for 
1951-52. Chairman, R. Jackson: 
First Vice-Chairman, K. FE. Morris; Second 
Vice-Chairman, Wm. Klein; Secretary, 
Orval Wade, American Machine & Lron 
Works; Treasurer, Lon Erickson; Chair- 
man, Membership Committee, R.  K. 
Hughes; Chairman, Program Committee, 
John Roy Black; Technical Representative, 
Marvin J. Barnes. 


San Francisco 


The San Francisco Section announces 
the election of the following officers for 
1951-52. Chairman, Wm. F. Ajello; 
First Vice-Chairman, John 8. O'Neill, Jr., 
California Steel Products Co.; Second 


ations, 


Carbid 


IN THE RED DRUM 


EFFICIENT 
ECONOMICAL 
DEPENDABLE 


Vice-Chairman, Fk. Paul DeGarmo, Univer- 
sity of Calif.; Secretary, Justin M. Roach, 
National Welding Equipment Co.; Treas- 
urer, E. W. Bartz, Westinghouse Electric 
Corp.; Chairman, Program Committee, 
Fred L. Stettner, Victor Equipment Co.; 
Technical Representative, Bernard P. Fass. 


Tri-State 


The Tri-State Section announces the 
election of the following officers for 1951 

52. Chairman, William Blackburn, Inter- 
national Harvester Refrigerator Works; 
First Vice-Chairman, Webb Niekamp, 
Servel  Ine.;: Second Vice-Chairman, 
Harold Yancey; Secretary, Wilbur Seifert, 
Seeger Refrigerator Co.; Treasurer, 
Howard Snyder, Evansville, Ind.; Chair- 
man, Membership Committee, Webb Nie- 
kamp; Chairman, Program Committee 
Harold Yancey. 


INSPECTION TRIP 
FORD MOTOR CO. 


Annual Meeting 
American Welding Society, 
Detroit, Michigan, Oct. 16 


For details see page 934 


FOR WELDING and CUTTING 
Use National Carbide in the Red Drum 


Write us for information as to nearest available stock. 


60 E. 42nd St. 


NATIONAL CARBIDE 


A Division of Air Reduction Co., Inc. 


Section Activities 


New York 17, N.Y. 
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Keeping your welding problems under - Control 


every product. 


It is important, today, that you find the best and 
quickest method of doing every welding and 
cutting job in your plant. You can get the right 
answer fast by calling BURDOX. Since Products 
for every type of process for welding and cutting 
are included in the BURDOX line, we can tell 
you which process will do your work best! 


THE BURDETT OXYGEN COMPANY 


..and every process...to fit every purpose best! 


Because we are not limited to a single line, 
you get the benefits of our long experience with 
all the different methods, without guess-work 
and without delay. You will appreciate the dif- 
ference in results secured by calling BURDOX, 
the one qualified source for all your welding 
needs. Write for catalog of equipment today. 


Branches Branches 
AKRON General Offices Plants CINCINNATI 
MANSFIELD 3333 LAKESIDE AVENUE CLEVELAND & DAYTON, OHIO YOUNGSTOWN 

COLUMBUS CLEVELAND 14, OHIO LOS ANGELES, CALIFORNIA 
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Nickel-Alloy-Steel Electrode 


Nickel-M olybdenum-Vanadium Alloy 
Steel Shielded Arc Welding Electrodes (Low 
Hydrogen Type)}—19 pages with 32 illus- 
trations, diagrams and charts by three 
welding specialists of the Industrial Test 
Laboratory, Philadelphia Naval Shipyard. 
Summarizes results obtained with commer- 
cially available rods that produced, with- 
out preheat in high-strength steels, crack- 
free welds which in the as-welded condi- 
tion consistently exceeded 110,000 psi. 
vield strength with maximum ductility. 
These electrodes meet Navy Spec. MIL-E- 
986 Grade 260. Operating characteris- 
tics, welding procedure and the importance 
of low moisture content in the electrode 
coating are described. This low alloy 
ferritic NI-MO-V type of electrode devel- 
oped 100% joint efficiency as compared 
with 70% for the most popular rod pre- 
viously used. International Nickel, Dept. 
“EZ,” New York 5, N. Y. 


Steel Tubing for 
Process Industries 


Technical data on tubing for the petro- 
leum, chemical, pulp and paper, food and 
pharmaceutical processing industries is 
presented in a new eight-page illustrated 
bulletin published by the Babeock & Wil- 
cox Tube Co. The bulletin, 7A 1559, in- 
cludes analyses and tables of physical and 
mechanical properties as well as applica- 
tion data for 20 popular carbon, alloy and 
stainless tubing steels. Tubing from such 
steels is used in heat exchangers, con- 
densers, boilers, conveying lines and strue- 
tural or functional parts of processing 
equipment where temperature, pressure, 
sanitation or corrosive environments are 
important considerations. Copies of the 
bulletin are available free on request to the 
company’s offices at Beaver Falls, Pa. 


Hardening Compound 


A six-page folder, profusely illustrated, 
describing new “Eutectie Instant Hard- 
ner” for emergency surface hardening with 
an ordinary welding torch, has been re- 
leased by Eutectic Welding Alloys Corp., 
172nd St. and Northern Blvd., Flushing, 
N. Y. 

This new product is said to harden steel 
tools, parts, edges, threads, dies, drills, 
ete., “in a jiffy” without the fuss and mess 
of conventional heat treating. 

Application photos, drawings and candid 
“how-to-do-it” outlines are contained in 
the folder which is available upon request 
from Dept. 512P, Eutectic Welding Alloys 
Corp., 172nd St. and Northern Blvd., 
Flushing, N. Y. 
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Welding Principles for Engineers 


Prentice-Hall, Inc., 70 Fifth Ave., 
New York 11, has just published Welding 
Principles for Engineers by J. L. Morris, 
Assistant Professor of Mechanical Engi- 
neering at Georgia Institute of Technology. 

Its purpose is to provide a modern and 
complete treatment of welding from the 
standpoint of what the engineer needs to 
know about the process. 

Welding Principles for Engineers is not a 
text on “How to Weld.” The entire 
treatment is from the engineering stand- 
point. It is the first book on the market to 
cover such important topics as Metal 
Spraying, Flame Hardening, Stud Weld- 
ing, Flux Cutting, Brazing Welding and 
many other new processes. The entire 
first chapter is devoted to metallurgy. 
Book consists of 511 pages and is priced at 
7.00. 

The table of contents follows: (1) 
Welding Metallurgy, (2) A Survey of the 
Welding Processes: Characteristics and 
Applications. (3) Testing and Inspection 
of Metals. (4) Welding of Commercial 
Metals. (5) Braze Welding, Brazing, 
Soldering. (6) Surfacing. (7) Metal 
Spraying. (8) Filler Materials. (9) Flame 
Heat-Treatment. (10) Oxygen Cutting. 
(11) Stress and Distortion. (12) Design 
for Welding. (13) Factors Affecting 
Welding Production Economy. Index. 


Corrosion Copper Alloys 


For twenty-five years, the American 
Brass Co.'s technical staff has conducted 
continuous laboratory research and field 
study of the nature of corrosive attack on 
copper and copper alloys. The results of 
these studies have been published now in 
a 24-page booklet, Corrosion Resistance 
of Copper and Copper Alloys. This pub- 
lication, first of its type in the industry, 
explains the chemical and physical nature 
of corrosive attack in its various forms. 
Included is a tabulation indicating the 
relative corrosion resistance of the princi- 
pal types of copper and copper base alloys 
when in contact with 183 different corrod- 
ing agents. This booklet, Anaconda Pub- 
lication B-36, is available without charge 
from the American Brass Co., Waterbury 
20, Conn. 


**Know-How” Folder 


This new folder is going to carry the 
story of Norton “know-how”’ literature, 
motion picture films and the school of 
grinding to over 35,000 users of grinding 
wheels. Its cover makes use of the well- 
known Norton abrasive printing process. 
Norton Co., Worcester 6, Mass. 
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War Materiel takes a lot of 


ALL-STATE 
No. 31 Sheet Aluminum 


Brazing Rod 


This Problem has Already been Solved: 
All-State No. 31 is particularly good 
on all thin aluminum sections except 
17ST and 24ST. Reasons are: Its 
working temperature (1050° F.) is 
well below the melting point of alu- 
minum. There is no danger of burn- 
through on very thin material. No. 
31 is corrosion-resistant, has good 
matching color, is as strong or stronger 
(30,000 p.s.i.) than the parent metal. 


All this and application character- 
teristics that make weldor training 
quick and easy, have made All-State 
No. 31 Sheet Aluminum Brazing Rod 
mighty popular in defense work. 


We've got time now for your problem: 
If you have a problem in your de- 
fense work, or if you manufacture 
such things as furniture, window 
sash, awnings and cooking utensils 
for which All-State No. 31 was 
particularly developed, our ex- 
perience is readily available to you 
and we'll do our best to keep you 
going until there's enough No. 31 
for everybody. 


For complete details ask for new All- 
State 32-page booklet. This is a 
Buyers Guide to the complete line of 
All-State Alloys and Fluxes for 
Welding, Brazing, Soldering, Tin- 
ning and Cutting. 


A-S DISTRIBUTORS EVERYWHERE 


ALL-STATE 


WELDING ALLOYS CO., INC. 
White Plains, N. Y. 


THe WELDING JoURNAL 


{ 
4 
Z 

d 

W4 

lig 
, 

» 

i 

— 

a 
q 

4 
. 


Five Prize- Winning Papers 
on Welding 


The Institute of Welding offers members 
of the American Soctety the 
opportunity to acquire, at a specially low 
price, copies of the book containing the 
five following papers in the Sir William 
J. Larke Medal Competition: 

1. “Some Applications of Are Welding, 
Embodying Specific Details of Welded 
Work,” by H. W. Clark, M. Inst. C. EF. 

2. ‘Manipulators for Are Welding, 
with Special Reference to a New Design 
of a Heavy All-Purpose Faceplate Type of 
10 Ton Rated Capacity,” by R. Drucker 


CYLINDER VALVES 


3. ‘Are Welding Fabrication from a z 
Practical Point of View,”’ by P. Hastie 
4. “Some Aspects of Production Where 


Are Welded Fabricated Steel Has Been 
Introduced into Marine Engineering,” by 
J. R. Ferguson. 

5. “Copper Welding as Applied to the 
Repair of Locomotive Fireboxes,” by 
G. Foster, B.Se. 

The book contains 125 illustrations and 
18 folding drawings. It runs to 156 pages 
and is handsomely bound in cloth with 
gilt lettering. 

Special price to members of the Wetp- 
ING Society—75 cents post free. Send 
your order with remittance, direct to the 
Secretary, Institute of Welding, 2, Buck- 
ingham Palace Gardens, London, 8. W. 1, 
England. 


Guide to Silver Brazing 


The American Platinum Works, Newark 
5, N. J., has issued a de luxe booklet of 44 
pages under the title A Complete Guide to 
Successful Silver Brazing. The manual 
will be of interest to both engineers and 
operators as it covers fundamental infor- 
mation on the brazing process, alloys used 
therein, fluxes, preparation, joint design 
and procedures. 


with monel tip 


mstruc- 
New Product Hardens Steel 
With Ordinary Welding Torch 
Two new, easy-to-use, moderately priced 
compounds for emergency surface harden- 4 
ing of small tools or parts with an ordin- 
ary torch have been announced by Eutec- ; 
tic Welding Alloys Corp., Flushing, N. Y : : ‘oh ressures- Eq 
Eutectic’s “Instant Hardner 41" is said use with high P soe 
to harden steel tools, parts, edges, threads, . disc safety device. 
dies, drills, etc., “in a jiffy’ without the i ing 
fuss and mess of conventional heat treat- 
ing. 
“Instant Hardner #2,” while applied in 
a similar manner to #1, is strengthened 
with small hard-facing particles mixed = 
right into the compound. These hard par- RESO ASTIAN- BLESSING?" 
ticles, when heated, fuse with the parent ; . q 
metal to give a combination of hardening 4201 Wes? Peterson Ave, Chicago 30, Iilinels , 
and hard overlay, making it particularly : — 
effective for such applications as harden- PIONEER AND LEADER IN THE DESIGN i 
ing a plate against abrasive wear, ete AND MANUFACTURE OF PRECISION 
Further specifications and prices *Reg. Pat. OF. EQUIPMENT FOR USING AND CONTROL- 
available in an illustrated folder, TIS 


LING KIGH PRESSURE GASES 
512-P, available upon request from Eutec- 


tic Welding Alloys Corp., 172nd St. and he . 
Northern Blvd., Flushing, N. Y 
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| E HIGH P 
RESO RESSURE 
\ 
4 
FOR OXYGEN AND HYDROGEN 
Designed, rested and proved for high 
sures and severe service- Packing ™4Y be 4 
replaced with cylinder under pressure if nec- “at 4 
essary: Fuse plug and bursting disc provide 
positive safeguard. Bronze stem furnished 4s 
; standard, also available with monel stem on 
special order. 
pCETYLENE ; 


Put resistance 
welding costs 


AMPCO WELD’ 

holders to reduce 
downtime, step- 
up production 


There’s an AMPCO WELD® 
holder for every resistance- 
welding job — offset ejector 
holders, me ejector hold- 
ers, universal ejector holders. 
All are leak-proof. Made of 
high-conductivity Ampco 
Bronze alloys, they meet or ex- 
ceed RWMA specifications to 
ive you trouble-free operation, 
— runs, reduced downtime, 
anc increased output. 


... AMPCO* 
Engineering Service 


J] when you need it 


Behind the famous AMPCO WELD® 

line of resistance-welding products 

is a corps of experienced engineers, 
to help you solve your 

lems, Just get in touch with us. 


AMPCO METAL, INC. 
MILWAUKEE 46 


Tin and Its Uses No. 24 


The current issue of this review carries 
illustrations of the opening of the Tin Re- 
search Institute’s new laboratories by 
H. R. H. The Duke of Gloucester. During 
the past decade the demand for the Insti- 
tute’s technical service has expanded 
steadily and the range and scale of its re- 
searches have grown accordingly. 

Tin Research Institute, Inc., 492 W. 
Sixth Ave., Columbus 1, Ohio. 


How to Clean Metals in Aircraft 
Production 


Oakite Products, Inc., New York, manu- 
facturers of industrial cleaning and allied 
materials, have announced the publication 
of a 48-page illustrated booklet describing 
specialized materials, procedures and 
equipment for use in cleaning metals, pre- 
paring metals for finishing and for other 
cleaning and related processes involved in 
aircraft production. 

Based on actual, successful applications 
in leading aircraft manufacturing plants, 
the booklet reports in detail on specific 
materials and methods for performing a 
wide range of production cleaning and 
related operations. Among the many 
operations on which helpful data is pro- 
vided are the following: preparing alumi- 
num for anodizing; preparing aluminum 
for spot welding: preparation of aluminum 
for painting by still-tank method and in 
spray-washing machines; cleaning alumi- 
num before and after heat treating; strip- 
ping paint from aluminum; cleaning 
magnesium for finishing; treating wash 
water in paint-spray booths; cleaning air- 
craft metals for inspection and assembly; 
and many other operations. 

Also presented in the booklet are helpful 
recommendations on equipment designed 
to simplify cleaning and rinsing opera- 
tions, save man-hours and materials and 
help assure desired end results with maxi- 
mum economy. Readers desiring free 
copies of the booklet may obtain them by 
addressing Oakite Products, Ine., 118E 
Thames St., New York 6, N. Y. 


Fabrication and Design of 
Nickel and High-Nickel-Alloy 
Pipe and Tubing 


A new technical booklet on the fabrica- 
tion and design of nickel and high-nickel- 
alloy pipe and tubing has been issued by 
the Development and Research Div. of 
the International Nickel Co., Inc. Desig- 
nated as Technical Bulletin T-17, it con- 
tains 27 pages illustrated throughout by 
drawings and photographs. It also pre- 
sents tables on mechanical and physical 
properties, A.S.M.E. code requirements, 
recommended welding procedures and 
other information. 

The booklet is available without charge 
through the Technical Service Section of 
Inco’s Development and Research Div., 67 
Wall St., New York 5, N. Y. 


New Literature 


Resistance Welding of Nickel 
and High Nickel Alloys 


A new technical booklet on the resist- 
ance welding of nickel and high-nickel 
alloys has been issued by the Development 
and Research Div. of the International 
Nickel Co., Inc. Designated as Technical 
Bulletin T-33, it contains 32 pages illus- 
trated throughout by drawings and photo- 
graphs. It also presents tables on mech- 
anical properties, chemical compositions, 
recommended conditions for welding and 
other information. 

The booklet is available without charge 
through the Technical Service Section of 
Inco’s Development and Research Div., 67 
Wall St., New York 5, N. Y. 


Cable Connectors 


An informative catalog has been issued 
by the Albert & J. M. Anderson Mfg. Co., 
289A St., Boston 10, Mass., containing 
data about the Eitherend, a field-proved 
electrical connector that is unique in that 
although each tubular half connector is 
identically formed, any two half connect- 
ors, within the respective sizes available, 
can be connected. 

The catalog’s design and operating sec- 
tion demonstrates the speed and ease of 
the interconnection, a 90-degree difference 
in connector-half position, and a push. 

The catalog also contains 
dimensional, price and general rating infor- 
mation, plus a brief summary of the 
gradually increasing number of new 
applications for this connector, originally 
developed for and proved as a shipyard 
welding cable connector. 


complete 


Preparation of Aluminum 
for Spot Welding 


A thoroughgoing discussion of efficient 
methods of chemically preparing aluminum 
for spot welding is provided in an 18-page 
booklet recently published by Oakite 
Products, Inc., New York, manufacturers 
of specialized industrial cleaning and re- 
lated materials. 

After first stressing the importance of 
proper preparation of aluminum to obtain 
the oil-free, uniformly low-resistance sur- 
faces required for the production of quality 
welds, the booklet supplies specific recom- 
mendations on materials, procedures and 
equipment for performing the preparatory 
operations of (1) cleaning; (2) deoxidiz- 
ing: (3) rinsing; and (4) drying. The 
recommendations provided are based on 
actual, successful experience in hundreds 
of industrial installations preparing alumi- 
num for spot welding with the materials 
and methods described. Detailed infor- 
mation is also supplied on recommended 
solution concentrations and solution tem- 
peratures for employing the materials dis- 
cussed, as well as helpful immersion-time 
schedules for deoxidizing aluminum alloys 
of various gages. Of interest, too, is a 
section of the booklet reporting on specially 
engineered cleaning aids—devices which 
simplify the determination of solution 
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Solar Aircraft Welds Close to the Edge 


Material does not split out, spattering is reduced on this jet engine part because G-E 
slope control permits a gradual increase in welding current that also reduces tip 
pick-up and spatter. More welds can be made before electrodes must be cleaned. 
Welds are sound and uniform. Bulletin GEC-534. 


Be sure of consistent, high-quality 
welds with these G-E Accessories 


DETERMINE THE BEST TIMING FOR A JOB Portable, inkless 
G-E cycle recorder makes a record of the exact timing on test 
welds, is then used as a check to verify the setting on machines 
in production. Bulletin GEC-376. 


HOLD WELDING CURRENT CONSTANT Regardless of line- 
voltage variations of as much as plus 10 per cent and minus 
20 per cent, the G-E electronic voltage-regulating compensator 
holds Iding current tant. Bulletin GEA-4223. 


REDUCE BRITTLENESS Heat treat medium-carbon, low-alloy, 
or high-alloy steel with G-E tempering control. Easily installed 
and operated. Adjustable to suit thickness and type of metal 
welded. Bulletin GEA-4201. 


MEASURE ELECTRODE FORCE Check existing gages on 
spot, seam, or projection welders or at time of set up. Easy 
te use, saves time, acts as a production check. Force range: 
© to 4500 pounds. Small, portable. Bulletin GEA-3628B. 


PREVENT CURRENT VARIATIONS Where the insertion of 
magnetic material in the throat of the welding machine causes 
weld variations, the current-regulating compensator keeps 
current constant to within plus or minus two percent. Bulletin 
GEA-4207. 
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G-E Slope Control for 
Resistance Welding 
Prevents Split-outs 
on Stainless Steel 
Jet Engine Parts 


More precise work possible 
with this resistance welding 
accessory used with 


G-E synchronous control. 


Solar Aircraft, like many other plants 
working on jet engines, has found G-E 
synchronous control, with slope control 
added, will enable operators to work to 
closer tolerances, produce faster, with 
fewer rejects. The part shown is welded 
close to the edge but does not split out, 
and spatter is reduced on both stainless 
and mild steel. 


Use G-E Synchronous Control! wherever 
AN-W-30 and 32 specifications must be 
met. It assures consistently uniform high 
quality welds—operates quietly, requires 
little maintenance. Like all G-E electronic 
equipment, it has long life, is enclosed in 
a compact unit that may be mounted on 
the welding machine or wherever con- 
venient. Easily inspected. Write today for 
Bulletin GEA-4699. General Electric Com- 
pany, Schenectady, N. Y. 
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the Metal Show 


Detroit, Oct. 15th through 19th 
Booth C-127 in Building “C” 
(Woodward Ave. Parking Lot.) 


Machine Company 


PRESENTS 
Model 21—The Ultimate in 
Welding Positioners 


1 A machine tool. Push button contro! 
ideally suited to fully automatic welding 
and sequence tool; 
2 Instant start-stop, electric clutch-brake 
rotation. 


precision speed control table 
otation to 2.7 RPM. 


4 onan “rapid positioning” at 4 RPM. 
regardless of variable speed setting. 


5 Powered push wiry elevating, precision 
limit switches, 1'» inches per second. 
6 Powered ——) A, precision limit switches, 
6° per second 
7 Sealed mercury ame complete even 
at tilt trunnion 
Timken bearings and pry through- 
out. Vee-grooved casters bal bering th 
our exhibit and operate this 
for Dave 
Weed’s or Barney Aronson. 


ACHINE COMPANY 
ARCADE, NEW YORK 


strength and solution temperatures in 
equipment used to perform the operations 
listed above. 

Readers desiring free copies of this new 
booklet may obtain them by addressing 
Oakite Products, Inc., 118E Thames St., 
New York 6, N. Y. 


Removes Oil and Rust in One 
Operation 


A description of how a recently de- 
veloped metal-cleaning material, Oakite 
Compound No. 33, removes oil and rust 
in one operation, also prepares steel and 
aluminum for painting, is provided in a 
special booklet available from Oakite 
Products, Ine., New York, manufacturers 
of industrial cleaning and related mate- 
rials. 

Whether applied in tanks or by hand, 
Oakite Compound No. 33, the booklet 
states, has solvent and detergent proper- 
ties which are markedly effective in re- 
moving stamping and forming oils, rust 
preventives, carbon smuts, soldering and 
welding fluxes, identification inks and 
similar soils. In addition, this material 
provides rapid removal of rust, heat seale, 
tarnish and other oxides. In preparing 
metal surfaces for painting, Oakite Com- 
pound No. 33 microscopically etches steel 
and cast iron and converts the surface 
laver of metal into a thin film of insoluble 
phosphates to provide excellent bonding of 
paint to metal, it is claimed. The etching 
and conditioning action of this material 


on aluminum sheet and aluminum castings 
is said to be similar. 

Readers desiring free copies of the book- 
let describing this three-in-one metal- 
cleaning material should address Oakite 
Products, Inc., LISE Thames St., New 
York 6, N.Y. 


‘Service Bulletin 


Position Vacant 


Wanted: Welding Inspectors, skilled in 
ferrous and nonferrous welding, particu- 
larly Monel, Inconel, nickel and stainless 
steel for Midwest Project. Communicate 
with Singmaster & Breyer, Room 420, 
Graybar Bldg., New York 17, N.Y. 


Services Available 


A-620. European welding (and electri- 
cal) engineer with 15 years’ experience as 
designer and shop engineer, especially in 
the automatic welding field, 37, resource- 
ful; seeks position in the welding industry 
or with a welding institute, for develop- 
ment or research work. 
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EQUIPMENT— SHOT BEFORE If GETS ON THE JOB / 
LOOK AT THOSE DON'T YOU KNOW 
“JUST ANY’ ELECTRODE WONT DO FOR This 
Ze PS, WHO'S THE WELDER — WHAT ELECTRODE 
DID YOU USE7 NEVER MIND... 
CALL LI'L cHame /// 


WW ny HERE'S A SPECIAL RUSH FOR MATERIALS HANDLING 


WHAT 16 THIS... AN 
ASSEMBLY LINE ORA 
DEBATING SOCIETY 

REUNION7 GIVE ME 
THE RIGHT ROD GO 
1 CAN DO THE voB/ 


THERE YOU ARE! ADAYS WORK ON THE TOUGHEST 
WELDING JOB IN THE PLANT WITHOUT A SINGLE REJECT / 
FOR CRACK AND POROSITY FREE WELDS 


CHAMPION HY-LO ELECTRODES 


ARE JUST WHAT THE LL CHAMP WILL ALWAYS ORDER. 


/ 


TAKE iT FROM ME,MEN- WHEN YOU'RE 

UP AGAINST ALOT OF HIGH CARBON, 
FREE MACHINING AN HARD-TO-WELD LO 

ALLOY STEELS— ALWAYS SPECIFY 
CHAMPION HY-LO ELECTRODES / 
FOR BEST RESULTS—USE THE BEST ELECTRODES / 


THE CHAMPION RIVET CO. 


CLEVELAND,OHIO East Chicago, Ind. 
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THAT P&H AC WELDER LOOKS 
GOOD TO ME, JIM. WE CAN 
GET IT OFF THE FLOOR 
—AND HAVE MORE 


ROOM TO WORK! 


Specialized Training 


Metal Welding 
Fabrication 
1 week to 18 months 
Harnischfeger Welding 
Training School 
in conjunction with 
Milwaukee School 
of Engineering 


Write to P & H today 
for further details 


HARNISCHFEGER 
CORPORATION 


Welding Division 
4551 WEST NATIONAL AVENUE 
MILWAUKEE 14, WISCONSIN 
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THAT’S RIGHT, BILL— AND WITH 
CONTROL AT THE WORK WE 
GET MORE DONE, AND 

DO IT BETTER! 


Save floor space, cut welding time 


for more production at lower cost 


« use P&H AC Arc Welders with 
exclusive Dial-lectric remote control 


Give yourself more room for your production needs. Mount your P&H 
Welder off the floor, out of the way. 

Dial-lectric remote control lets you do this. Your operator can turn 
the heat on at the work. It also cuts down his “walking time” . . . turns it 
into welding time for increased output. 


Besides saving space P&H Dial-lectric control eliminates cores, coils, 
sprockets, gears and other moving parts that cause 
excessive maintenance and downtime. 

P&H AC Welders are available in a full 
range of sizes up to 625 amps. See your P&H 
representative or distributor for full details 
on how this outstanding welder can save you 
time and money. f 


WELDING DIVISION 


4551 W. National Avenue 
Milwaukee 14, Wis. 


HARNISG) SCHEEGE 


E tors ®© Overhead Cranes * Hoists * Arc Welders and 
Electrodes * Soil Stabilizer * Crawler and Truck Cranes 
* Diesel Engines * Cane Loaders * Pre-assembled Houses 
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— you may need for 
welding, cutting or heat-treat- 


ing metals, you can rely on NCG. 


For more than 30 years the NCG 
organization has served American 
industry, speeding up and improv- 
ing processes at every turn. 
NCG’s background of experience 
spans electric arc-welding in all its 
phases, and the application of indus- 
trial gases for working ferrous and 
non-ferrous metals of every type. 
Growing up with these processes, 
NCG has developed ready-to-use 
machines and materials to get the 
job done faster, easier and better. 


With 73 manufacturing plants and 


EVERYTHING FOR WELDING 


a nationwide network of branches 
and authorized dealers, NCG is 
able to supply your needs speedily 
and dependably. And NCG’s tech- 
nical assistance in solving your 
problems, as they arise in your plant 
or shop, is available to you at all 
times. 


SEE US AT THE 
METAL SHOW 


DETROIT eeeee Oct. 14-19 
SPACE G-112 


NATIONAL CYLINDER GAS COMPANY 


Executive Offices: 


840 North Michigan Avenue, Chicago 11, Illinois 
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SUREWELD ELECTRODES are made 
for every class, analysis and type 
of welding. Included in the com- 
plete NCG line are rods for all 
oxy-acetylene welding and braz- 
ing requirements. 


SUREWELD PORTABLE SPOT 
WELDER with new lock-tight lever 
action makes tight, perfect spot 
welds with amazing ease. 


NCG GASES including oxygen, 
acetylene, hydrogen and nitrogen 
are supplied in individual cylinders 
and in manifold systems and other 
forms of bulk supply to meet re- 


SUREWELD A-C ARC-WELDERS 
have exclusive features not found 
in other machines. Rugged, de- 
pendable, they are unmatched for 
dollar-for-dollar va/ue and real per- 
formance. Nine Industrial Models 
and five Shop Models. 


SUREWELD PORTABLE D-C ARC- 
WELDER. This Model HGW-150 
is the lightest weight, most portable 
gasoline-driven arc-welder ever 
built. It can go anywhere, weld 
anywhere. 


NCG’s "CUT-O-MATIC” is a port- 
able, motor-driven flame-cutting 
machine that is winning wide use 
in both big plants and small shops. 


quired volumes. Countless hours 
of production time have been 
saved by properly planned supply 
and distribution systems for these 
gases. 


OF — 


NCG ACCESSORIES include all the items the welder needs to work 
more efficiently and comfortably... a complete line to meet every need. 
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NCG CUTTING MACHINES of a// 
sizes and capacities are superior 
for speed, accuracy and econom- 
ical operation. 


TORCHWELD ACETYLENE GENER- 
ATORS are available in portable 
and stationary models in sizes from 
12-lb. to 600-lb. Dependable 
SHAWINIGAN CARBIDE is 
distributed by NCG branches 
and dealers from coast to coast. 


TORCHWELD AND REGO set the 
pace for speed, stamina and effi- 
ciency, and include all required 
regulators, welding and cutting 
torches, tips, and complete outfits. 
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CURRENT WELDING PATENTS 


2.563,107—Metruop or Forminc A 
Wetpep CoNNecTION AND MEANS 
Tuereror—Herman J. Fanger, Los 
Gatos, Calif. 

This welding method relates to a process 
for securing a first member having an 
aperture therethrough to a second member 
having a metallic surface. The method in- 
cludes the steps of providing an attach- 
ment member in the form of a headed 
metal rivet, permanently securing a shell 
of metal of relatively low thermal conduc- 
tivity to the shank portion of the rivet, 
inserting the resulting rivet through the 
aperture in the first member into engage- 
ment with the metallic surface of the 
second member, pressing the rivet against 
such metallic surface and applying a 
welding electrode to the rivet head. A 
momentary electric current is passed 
through the rivet to fuse the shell metal to 
the said second member. 


prepared by J. 


L. Oldham 


Process oF NORMALIZING 
AND TrimmMiInG We.pep Sections 
Albert L. Burns, Jr., Houston, Tex., as- 
signor to Houston Oil Field Material 
Co., Inc., Houston, Tex., a corporation 
of Delaware. 


2,564,391 


Burns’ process comprises the steps of 
heating weld sections to normalizing tem- 
perature and maintaining them at such 
temperature for a predetermined time. 
Excess materials are removed from the 
welding sections while maintaining them 
at normalizing temperature. 


PRoceDURE 
Frederic M. 


2,564,396—Seam 
FOR Pipe MANUFACTURE 
Darner, Shaker Heights, Ohio,  as- 
signor to Republic Steel Corp., Cleve- 
land, Ohio, a corporation of New 
Jersey. 
This welding method joins a_ longi- 

tudinal cleft in a pipe blank of large diam- 


Printed copies of patents may be obtained for 25¢ from the Commissioner of patents, Washington 10, D. C. 


eter by welding along, both inside and 
outside surfaces of the pipe. The cleft is 
first welded on the outside surface and 
then welded on the inside surface by a 
welding operation between one end of the 
blank and a point distant therefrom by a 
small fraction of the length of the blank 
In the first inside welding operation a 
metal member is held against the edge of a 
first end of the blank in bridging relation to 
the cleft and with a surface of the member 
aligned with the surface to be welded. A 
progressive weld is then made along a line 
which extends between the first end and 
the point and which also extends over an 
appreciable distance on the surface of the 
metal member. The second inside welding 
operation comprises advancing a plurality 
of electric welding arcs in close tandem re- 
lation progressively along the cleft from 
the other end of the blank to the said 
point. 


C-DRIVE CONTROL 


DC Rectifier Welder 


to arc-load changes 


. Instantaneous 
Reduced arc blow 
coe letely adjustable by operator 
Westinghouse RA Welders with new 
positive arc-drive control now prevent 
shorting when used on “drag” welding 
applications. In addition, they allow com- 
plete penetration on root passes of vertical 
and overhead welds. Arc-drive control is 
obtained by adjusting the ratio of short- 
circuit current to welding current without 
changing open-circuit voltage. Actual 
amount of arc-drive current can be varied 
by the operator. 

For information on this improved RA 
Welder or other Westinghouse Welding 
Equipment, write Westinghouse Electric 
Corporation, Dept. DC75, Welding Divi- 
sion, Buffalo. New York. J-21607-A 


can pe SURE... 


Westinghouse 


Current Welding Patents 


Buy “PROVEN FLUXES”’ 
Years of GUARANTEED SATISFACTION 
behind these GOOD 


“ANTI-BORAX” FLUXES 


Insist on them — Unequalled Quality 


No.1 Cast lron Welding Flux 
No. 2 Brazing Flux for Brass, Bronze, Steel, etc. 
No. 4 Braz-Cast Flux for Bronze Welding Cast Iron 
No.5 &8 Cast & Sheet Aluminum Fluxes 
No. 9 Stainless Steel Welding Flux 
No. 11 Leng Compound 
No. 16 Paste Flux 


ANTI-BORAX COMPOUND Co., INC. 
Fort Wayne, Ind. 


WELDING CONNECTORS 


Saxe System Welded Connection Units 
ior welded assembly 
Saxe Units place in position and securely hold tegether structural 
parts to be welded 
As used in many welded structures they eliminate all hole punching 
producing an economical, rigid, safe and quickly erected structural 
frame 
“Write for 58 pg. Manual containing full engineering design 
information for welded structures’ 
J. H. Williams & Company 
Buffalo 7, New York 
Air Reduction Canada, Ltd 
Montreal 2, Canada 
Canadian Representative 
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FOR WELDING: 


ALUMINUM, MAGNESIUM, MONEL, 
INCONEL, BRASS, STAINLESS, od 

SUPER STAINLESS, MILD STEEL, NIMONIC, AIRCHILD \ 

TITANIUM ALLOYS, CROWN MAX, Go i 

OTHER ALLOYS Oe, \ 

NORTHROP SHOWN here are the trademarks of j 
some of the well known companies using Sciaky Resistance Welders for Silwaite 
BELL, producing aircraft and aircraft components. 
wet Sciaky’s past experience in building the majority of all welders for 


welding to Air Force-Navy Specifications is the basis for the design and 


| (Os performance of the new Series PMCO ST Three-Phase Modu-Wave 
Welder. It represents another step forward in welding non-ferrous and 
| ferrous alloys. Simple adjustment of the controls adapts the machine from 
one metal to another. Quality of welds is superior even to previous Sciaky 
performance and tip life is increased as much as 300% and over. Sciaky 


guarantees to qualify these machines to MIL specifications at time of in- 
stallation in your plant. If you weld the metals listed rely on the judg- <aR@ilTa. 
ment of the companies listed here. < ——— >) 
aL, SCIAKY BROS., INC., 4921 W. 67th St., Chicago 38, Ill. apis? 
SEND FOR BULLETIN Sre— 


Complete details, description of ‘ 
4 controls, features, specifications TWA 


are included in Bulletin 134-ST. 
SEND FOR YOUR COPY TODAY. 
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for Air 

«SAY “SEE-ACKY” 


WAGNER 


ELECTRODE HOLDERS 


The perfect team- 
mate for WAGNER 
GROUND CLAM?S 


RESIST ARC HEAT 


Copperhead Tip Insulation oper- 
ate near 6,000° heat. 


Patented channel construction 
flushes heat radiation twice as 
fast. 


Wagnerloy Construction results in 
high conductivity, longer service. 


WAGNER 
MFG. CO. 


350 W. Ist SOUTH ST. 
JACKSON, MISSOURI 


Rov anno Coatina 

Tuereror—Alexander L. Field, Balti- 

more, Md., assignor to Armco Steel 

Corp., a corporation of Ohio. 

This patent is on a weld rod for pro- 
viding a stainless steel weld deposit of 
extra-low-carbon content. The rod core 
contains a maximum of 0.03% carbon 
content and chromium, nickel, manganese 
and iron. A coating is provided on the 
core and it contains columbium ore having 
a carbon content not exceeding 0.03% and 
crushed ferrosilicon in excess amount of 
that necessary to reduce the columbium 


ore. Limestone and fluorspar and as- 
bestos are also included in the coating. 


2,564,680—Bronzinc Macuine—Leopold 
Faller, Brooklyn, N. Y. 
This patent relates to a bronzing ma- 


| chine for coating surfaces of sheets with 


metal powder. The machine includes a 


| series of rollers, an endless conveying belt 


passing round the rollers for transporting 
sheets through the machine and a series of 
movable treating elements arranged for 
engagement with sheets transported by the 
conveying belt. Gridlike stripping means 
are arranged in the machine between the 
treating elements and the surface of the 
conveying belt. 


2,564,681—Bronzinc Macuine—Leopold 

Faller, Brooklyn, N. Y. 

This second patent to Faller relates to a 
bronzing machine having a coating cham- 
ber containing a series of burnishing 
means and which also has a cleaning 
chamber with cleaning means therein. 
Conveying means transport sheets through 
such chambers and power driven suction- 
creating means are provided in the ma- 
chine. The inlet of the suction-creating 
means connects to an upper portion of the 
cleaning chamber and an exhaust col- 
lector is attached to the outlet of the suc- 
tion-creating means. 


2,565, ConTROL FOR ALTERN AT- 
CurRENT WeLpING MACHINES 
Lewis 8S. Mansperger, Independence, 
Mo. 

In this welding transformer, a pair of 
secondary ecre assemblies are arranged 
in the housing with a single primary c: re 
assembly movable with respect to the 
secondary core assemblies and arranged to 
be magnetically coupled predominantly to 
either of the secondary core assemblies or 
to both of them in a degree determined by 
the position of the primary core assembly 
with relation to secondary core assemblies. 
A manually operable selector switch is also 
provided for controlling the amount of one 
secondary core assembly operatively con- 
nected in the welding transformer. 


Expansispie 
John J. Chyle, Wauwatosa, Wis., 


2,565,296 


Lows 


CABLE SPLICERS 


A permarent splice to repair broken weld- 
ing cables. install with a wrench (or solder 
if desired) for a quick and efficient con- 
necticn. Insulated with a tough fiber 
sleeve. 3 sizes for cable #6 through 4/0. 
Use TWECO cable connections to improve 
your welding efficiency. 


WICHITA, KANSAS 


assignor to A. O. Smith Corp., Mil- 
waukee, Wis., a corporation of New 
York. 

This patent relates to a welded disk- 
type expansible bellows wherein the disks 
are of complementary shape with openings 
through the centers thereof and having 
their body portions of disk shape. A 
fusion-welded joinder is provided at the 
central meeting edges of the disks and it 
has spacer metal incorporated at the root 
of the joint formed between the disks. 
The spacer metal protects the fusion- 
welded joint against extension of any in- 
cipient crack therein. 
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Stainless Steel. Welded Design 
for Armed Services, A. R. Hill. 


Steel Plates, Cracking. 
Plate, C. A. Zapffe. 
pp. 802-808. 

Steel Structures, 
bined Successfully, P. O’ Keefe. 
(July 1951), pp. 73-75. 


Stud Welding ... Makes Tough Fastening Job Easy. 
Factory, vol. 48, no. 2 (Feb. 1951), pp. 96-99. 
Welded Fasteners for Roofing and Siding. 
Maintenance, vol. 47, no. 5 (May 1951), pp. 456-457. 

Fixtures, T. E. 
Iron Age, vol. 168, no. 1 (July 5, 1951), pp. 87-89. 
How to Work Titanium and 
Its Alloys, A. Ashburn. Am. Mach., vol. 95, no. 12 (June 11, 


Stud. 


Tanks. 
Imholz. 
Titanium and Titanium Alloys. 


Aluminum Tanks Welded in 


1951), pp. 145-153. 
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Features Stainless Steel 
Industry & Welding, 
vol, 24, no. 7 (July 1951), pp. 40-41, 43-44, 73. 

Hydrogen Theory for Brittle Ship- 
Metal Progress, vol. 59, no. 6 (June 1951), 


Steel Castings and Welding Can Be Com- 
Matls. & Methods, vol. 34, no. 1 


Tool Steel. 


Mill & 


Die Welding by Metal Are, A. R. Butler. 
ing Engr., vol. 36, no. 6 (June 1951), pp. 28-30, no. 7 (July), pp. 
32-35. 


Weld- 


Ultrasonic Welding? T. A. Dickinson. Welding Engr., vol. 
36, no, 2 (Feb. 1951), pp. 17-19. 

Ventilation, Exhausts. 
Ventilation, E. D. Salee and R. B. Carter. 
48, no. 3 (Mar. 1951), pp. 61-64. 

Welded Steel Structures. 
Steel Structures, J. B. Coleman. 
3 (July-Sept. 1950), pp. 97-103. 

Welded Steel Structures. 
Welding, L. Grover. 


Application of Down-Draft Exhaust 
Heating & Vent., vol. 


Practical ‘4 of Welding to 
Assn. Engrs. , vol. 26, no. 


Recent Advancement in Structural 


Western Machy. & Steel World, vol. 42, no. 


6 (June 1951), pp. 86-88, 94. 


Ry. Eng. & 
F. M. Burt. 
Welding. 


66-69, 88, 90. 


Welders, Training. 
Welding Engr., vol. 36, no. 6 (June 1951), pp. 40-42 
Adequate 
Variables, J. Heuschkel. 


Welding Aluminum. 


Gas Company Trains Its Own Welders, 


Instrumentation Minimizes Welding 
Steel, vol. 129, no. 4 (July 23, 1951), pp. 


Jointing Aluminium. Wireless World, 


vol. 57, no. 5 (May 1951), p. 181. 
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erformance of High-Strength Aluminum Alloy 


Weldments 


6 Fusion welds in commercial heat-treatable aluminum alloys 
do not closely approach the properties of the prime plate and 
therefore grades specifically designed for welding are indicated 


by W. R. Apblett and 
W.S. Pellini 


Abstract 


It has been demonstrated that the state 
of stress and nature of deformation which 
occurs in the weld zone of standard '/,-in. 
wide tensile specimens differs considerably 
from that which may be expected in wide 
welded panels of high strength aluminum 
allovs (61S-T6, 14S-T6, 24S-T3 and 
758-T6). A 12-in. wide sheet tensile 
specimen was developed to provide a close 
approac th to the service conditions of wide 

wa led panels. 

Comparison of weld performance tests 
involving a variety of weldments indicated 
that while both the 1/:-in. standard speci- 
men and the 12-in. wide specimen showed 
essentially the same ranking a considerable 
disparity existed in absolute value of 
strength and ductility. Thus, engineer- 
ing application of '/:-in. specimen data in 
relative terms appears to be justified while 
quantitative application is not permissible. 

Studies of the strain distributions bor- 
dering the fracture site of transverse 
welded test specimens indicated that the 
strains are localized in the weld and over- 
aged zones; in no case did any measur- 
able strein occur outside the weld heat- 
affected zone. In longitudinally welded 


W. R. Apbiett is a metallurgist and W. S. Pellini 
is head of the Metal Processing Branch, Metal- 
lurgy Div., of the Naval Research Laboratory 
Washington, D.C 


Scheduled for prese ntation at the Thirty-Second 
Annual ee A.W.8., Detroit, Mich., week of 
Oct. 15, 19 


OcroBerR 1951 


A pblett, Pellini 


specimens the parent sheet and weld per- 
force strain equally and straining occurs 
over an extensive region resulting in higher 
values of elongation than noted for the 
transverse welds. 

A close approach to prime material 
properties with fusion welds in commer- 
cial heat-treatable aluminum alloys does 
not appear feasible at the present time. 
A basic departure to grades specifically 
designed for fusion welding is indicated. 


INTRODUCTION 


HE present trend to lightweight struc- 
tures of high strength and increased 
rigidity has created an unprecedented 

demand for the fusion welding of the me- 
dium and high-strength aluminum al- 
loys. While certain technological prob- 
lems exist regarding the production of 
porosity-free welds, the primary problem 
of weld joint efficiency rests in the elastic- 
plastic interaction of the weld joint and is 
essentially a metallurgical one. 

The ultimate accomplishment, in so 
far as obtaining a general solution to the 
high-strength aluminum welding prob- 
lem, should be the complete elimination 
of the microstructural and property dis- 
continuity known as the metallurgical 
notch. In this respect it should be noted 
that the metallurgical notch in the case of 
the high-strength aluminum alloys consists 
of two narrow contiguous zones of con- 
siderably lower strength than the prime 
plate. Complete elimination of the metal- 


lurgical notch does not appear to be pos- 
sible at the present time; rather the best 
which may be hoped for is a minimization 
of the effect by control of the filler analy- 
sis, welding methods and techniques. 

The presence of a low strength weld in 
a high strength base material poses a prob- 
lem of performance evaluation. It should 
be expected from consideration of stress 
mechanics that the elastic-plastic inter- 
action of the weld zone with respect to 
the contiguous material would be highly 
specific to the direction of the applied 
stress and, within limits, to the geometry 
of the test specimen. The almost univer- 
sal use of a narrow tensile specimen con- 
taining a transverse weld for weld per- 
formance evaluation of high-strength 
aluminum alloys represents a single spe- 
cific loading condition differing consider- 
ably from the general conditions of serv- 
ice. In order to properly assess the sig- 
nificance of such tests, information is re- 
quired as to the relationship to more gen- 
eral conditions 

It should be recognized that narrow 
sheet specimens are required to develop 
essentially uniaxial stress conditions. 
Wide sheets or plates rarely encounter 
such stress conditions. The usual service 
condition is one of stress biaxiality de- 
veloped either by biaxial loading or as a 
result of reaction stresses arising from re- 
striction of lateral flow under uniaxial 
loads. 
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While the stress and strain conditions 
in a weld may differ considerably’ from 
those of the adjacent plate material, a 
definite relationship existe to the condi- 
tions imposed on the testpiece as a whole. 
As an example it may be visualized that 
a weld of low etrength may flow more read- 
ily in the ease of transverse uniaxial load- 
ing euch as is encountered in a narrow test 
epecimen than the same weld in a wide 
sheet subjected to the same uniaxial load- 
ing. Lateral flow of the weld in the wide 
sheet would be severely limited by the grip 
effect of the contiguous high-strength plate 
material which is prevented from flowing 
in thie direction by reaction stresses, 
Under such conditions the major flow of 
the weld would be transferred to the thick- 
ness direction 

Such behavior is qualitatively predict- 
able from the intrinsic properties of the 
weld zones relative to the base plate. The 
quantitative aspects for specific weld- 
ments and the resultant effect on perform- 
ance have not been determined, however 
lt was the objective of this investigation 
to explore the effect of major variables 
allied to stress conditions on the perform- 


ance of weldments 


MATERIALS AND TEST METHODS 


The nominal chemical compositions of 
the materials investigated are given in 
Table 1 All of these materials with the 
exception of the bare 148-T6 were pro- 
duced on normal production schedules 
The 148-T6 is not normally produced in 
the unclad sheet condition and was there- 
fore provided specifically for this investi- 
gation. The individual allovs were pro- 
duced from ingots cast from the same heat, 
fabricated in identical fashion and heat 
treated in the same furnace load. The 
stock was received in standard 4S-in 
widths, 12 ft. long These sheets were 
sheared into panels and sectioned as shown 
in Fig. 1 

Welding rods of 4388 and 758 compos- 
tien were used in the preparation of the 
test epecimens All welding was per- 
Inert 
tungsten-are equipment Pre- 


formed with semimutomatx 
shielded 
paratory to welding the filler rads and plates 


were brushed with steel wool to remove 
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Table l—Nominal Composition of the Test Alloys 


Alloy Cu, % 
61S-T6 0 25 
148-T6 4 40 
248-T3 4.50 
758-T6 1.60 
38 


Mn, % 


Mg, % Zn, % 
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surface oxides. The filler material, in the 
form of ' in. diameter wire, was added 
manually. The same welding conditions 
were used for welding all specimens. The 
tests welds consisted of two S- by 16-in. 
pieces butted together with a shrinkage 
allowance of ' , in. per foot. The joint was 
supported by a copper back-up strip 
grooved ' )« in. deep with a */)« in. radius 
Alignment of the joint was maintained by 
All welding was per- 
formed m the downhand position. Argon 
shielding gas at the rate of 12 cu. ft. /hr 
was used with 200 amp. welding current 
18v. arc voltage and S-in.~per-minute speed 
of travel. The welding transformer was 
an S00-amp. capacity unit primarily de- 
signed for the welding of aluminum by the 


steel clamp bars 


inert arc process and was provided with a 
bank of series capacitors included in the 
secondary circuit to block the d.-c. com- 
ponent 

All weld reinforcement was removed 
flash with the surface of the base mate 
rial by milling. The flat surface was then 
polish-ground to obtain a smooth matte 
finish and printed with a Shineper-inch 
photognd * 


ide-sheet tensile grups 
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The dimensions of the '/;-in. wide by 
2-in. gage length and the 12-in. wide by 
8-in. gage length specimens used in this 
investigation are shown in Fig. 2. The 
specimens were coded with the first two 
digits indicating the base alloy, the next 


—.503 = .001 
300 = 001 
$03 001 
DIRECTION OF ROLLING 
WIDE SPECIMEN 
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0.60 1.00 0.25 
0.60 1.50 
ee 2.50 5.60 0.30 
5.00 
t+) 
= 
2 050 
2 000 
12 050 
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two digits the filler alloy, a letter indicat- 
ing whether the weld was parallel to or 
transverse to the tension axis and a number 
indicating the width of the specimen. 

The '/:-in. specimens were loaded to 
fracture using standard Templin type grips 
and the 12-in. wide specimens with the 
special grips shown in Fig. 3. The 12-in. 
wide specimens were centered in the grips 
and alignment was checked by measuring 
the distance between grips on both edges 
of the specimen. The shoulders of the 
wide specimens were held by hardened 
steel files clamped with a double row of 
setscrews. 

An autographic stress-strain recorder 
was used for all specimens. The sensing 
device for the '/:-in. wide specimens was 
a separable type extensometer having a 
2-in. gage length. A similar device which 
measured the extension between the heads 
of the tensile machine was used for the 
12-in. wide specimens. 

After loading to fracture the specimen 
halves were fitted together and measure- 
ments were made of the extension of each 
of the '/w-inch gage lengths which com- 
prised the first inch adjoining the frac- 
ture. These measurements were made on 
both fractured halves and combined to 
determine the elongation over 2 inches. Be- 
yond one inch from the fracture, for the 
12-in. wide specimens, a total of five 
'/o-in. gage length extensions were read 
at each '/:-in. increment. The strain 
level at each '/2-in. position was thus de- 
termined for a total distance of 2 inches 
on each side of the weld. 

The data taken for the tensile properties 
of the base material and weldments in- 
cluded tensile strength, yield strength, per 
cent elongation in 2 inches and energy ab- 
sorption. The vield strength was defined as 
the unit stress corresponding to a 0.2% 
offset from the modulus line in accord- 
ance with A.S.T.M. standards for non- 
ferrous materials. 

The curves for the '/:-in. wide speci- 
mens were replotted as obtained with an 
autographic stress-strain recorder; how- 
ever, it was necessary to replot the stress- 
strain curves for the 12-in. wide speci- 
mens on the basis of the known modulus, 
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the transverse strains to the longitudinal 
strains should be equal to 0.50 (Poisson’s 
Accordingly, a 
sheet specimen in simple tension will show 


ratio for plastic strain). 


a contraction (negative strain) of 0.50 in 
both the thickness and width directions 
for each unit extension (positive strain) 
in the direction of tension. This simple re- 
lationship may be modified by either of 
three factors: 

1. Anisotropy of strength properties 
such as is developed in sheet aluminum 
alloys of the type investigated. These 
generally show Poisson’s ratios of longi- 
tudinal to transverse strain equal to ap- 
proximately 0.40.* 

2. High  width-to-thickness ratios 
which result in the development of lateral 
restraint stresses thus producing the 
equivalent of biaxial stress conditions. 

3. Grip effects which develop lateral 
restraint for specimens of low length-to- 
width ratios. This also results in biaxial 


0 2 


SPECIMEN WIDTH IN INCHES 


Variation of strain across specimen width 


stressing similar to the conditions of high 
width-to-thickness ratios. 

The nature of the stress conditions de- 
veloped during the testing of '/:-in. wide 
and 12-in. wide sheet specimens of high- 
strength aluminum alloys were evaluated 
by measurement of photogrid deformation 
following fracture 
that a condition of essentially simple 
tension was developed in the '/:-in. speci- 
men. Poisson's ratios of approximately 
0.40 were obtained which conformed to 
the expected value for aluminum sheet. 


These data indicated 


In the case of the 12-in. wide specimens an 
appreciable amount of lateral restraint 
was introduced by the combined effects of 
high width-to-thickness ratio and the re 
straint action of the grips. The resultant 
restraint was sufficient to reduce the 
lateral contraction in the width direction 
(uniform lateral contraction—1 in. from 
fracture) by approximately 50%. The 
stress system developed in the 12-in. wide 


Table 2—Effect of Specimen Dimensions on Lateral Contraction 


in. wide—— 


Specimen 


12 in. wide 


the yield point, the maximum load and the No. At fracture 1 in. from frac. At fracture 1 in. from frac 
2-in. elongation corresponding to this 618-T6 0.160 0.048 0.030 0.022 
load. Accordingly, it is possible that 61-43-T 0.098 6 0.002 0 
minor variations from the recorded curves 0.100 0 011 
may have occurred had a 2-in. gage length 61-75-L ; 0 031 0 022 
extensometer adapted to such a wide speci- 148-T6 0.100 0.030 0.023 0.017 
men been available for autographic re- 14-43-T 0.030 0 0.003 0 
cording. The energy absorption was com- 14-75-T 0.040 Q 0.005 0 
puted by planimeter measurement of the 
area enclosed by the stress-strain curve. 248-T3 0 120 0.057 0 038 0.030 
24-43-T 0.016 0 0.002 0 
24-75-T 0.035 0 0 004 0 : 
DEVELOPED IN THE VARIOUS 75S-T6 0.095 0.038 0.028 0.020 
SPECIMENS 75-43-T 0.017 0 0.002 0 
75-75-T 0.030 0 0.004 0 
The generalized laws of plastic strain 75-43-L 0.011 0.006 
specify that for homogeneous materials 75-75-L 0.017 0.010 
in simple, or uniaxial, tension the ratio of 
OcrToBeR 1951 Apblett, Pellini—Aluminum Alloy Weldments 475-s 
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specimens may therefore be deduced to be 
biaxial with a transverse reaction stress 
of approximately 0.20 of the applied ten- 
sile load. 

The introduction of a transverse weld 
has a decided effect on the stress-strain 
state in the region occupied by the weld. 
The above specified conditions which apply 
to unwelded specimens can be considered 
essentially to represent the general state 
of stress which is developed in the parent 
sheet adjoining the weld. In the weld 


370 240 


zone proper modifications of stress and 
strain state occur which are dependent on 
the relative flow strengths of the weld zone 
and plate. Welding of high-strength 
aluminum alloys produces a zone of lower 
flow strength which results in advanced 
straining of this region during the loading 
operation. While such advanced strain- 
ing is possible in the transweld direction it 
is limited in the weld longitudinal direc- 
tion by the “grip effect” of the contiguous 
high strength base sheet which remains in 


240 
61-43-T 

INCH WIDE 

INCH WIDE - 


the elastic range. The “grip effect” which 
produces restraint on lateral flow should be 
expected to vary with the width of the 
specimen in the same manner that lateral 
restraint in unwelded sheet varies with the 
width of the specimen. Also the “grip 
effect” should be expected to be more 
marked at the center than at the edges of 
wide specimens. 

Photogrid strain measurements of trans- 
weld specimens indicated partial lateral 
restraint in the weld zone of '/:-in. wide 
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specimens and almost complete restraint 
in the weid zone of 12-in. wide specimens. 
In the central region of the '/.-in. wide 
specimen the restraint was virtually com- 
plete. 
restraint across the width of the speci- 
mens are shown graphically in Fig. 4 
for the 75-75 weldment. The effect of 
specimen dimensions on the lateral con- 


The variations in the intensity of 


traction at the center line of the speci- 


mens of the various weldments are pre- 
sented in Table 2. 
DISTRIBUTION OF STRAIN BE- 


TWEEN WELD ZONE AND PARENT 
SHEET 


The deformation characteristics of the 
various weld combinations as indicated by 
strain in the direction of loading are pre- 
sented in Fig. 5. Inasmuch as loading is 
uniaxial this represents the only direc- 
tion of positive strain—strains through the 
thickness and along the width of the speci- 
men are nec The plots 
of Fig. 5 indicate strains measured with 
short (0.02-in.) gage lengths and thereby 


‘ssarily negative 


represent the specific values of strain at 
various positions starting at the fracture 
site and extending outward for the indi- 
cated distances. The plots include meas- 
urements on the '/:- and 12-in. wide speci- 
mens for the transverse welds, also on the 
12-in. wide specimens for the longitudinal 
welds. It is observed that the transverse 
welds all exhibit the same general trend, to 
a greater or lesser extent, in that the strains 
are localized at the weld and in the over- 
aged zone. In no case did any measur- 
able strain occur outside the 
affected the 
From this information it can be seen why 
welding of high-strength aluminum alloys 


weld heat- 


zone in transverse welds. 


produces a marked decrease in elongation 
compared to that of the base sheet. It is 
further observed that the strain level is 
significantly higher in the case of the '/.- 
in. specimens as compared to the 12-in. 
specimens. This difference is due to the 
greater restriction of lateral flow arising 
from the “grip effect’? developed in the 
weld located in the wide specimens. As 
described in the previous section the al- 
most complete restriction of lateral flow 
developed in the weld of the wide speci- 
mens forces contraction (negative strain) 
to occur almost exclusively in the thick- 
Since the contribution of 
elimi- 
strain) 


ness direction. 
lateral contraction 
nated, the 
possible is markedly reduced in the 12-in. 


is essentially 
extension (positive 
specimen as compared to the '/:-in. speci- 
men. Accordingly the total plastic ex- 
tension which the weld joint can endure 
prior to fracture is less in the wide than in 
the narrow specimen. From a practical 
standpoint this implies that the elonga- 
tion measured on '/,-in. transverse weld 
specimens is greater than may be realized 
in wide welded panels. 
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ELONGATION AS A FUNCTION OF GAGE LENGTH 
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In Fig. 6 elongation has been plotted 
function of gage length for 618-T6 
base material welded 43S filler and 
tested in the 12-in. wide transverse welded 
It is observed that the elon- 


as a 


with 


Spe cimen, 
gation drops rapidly as the gage length is 
increased, The value of 4 to 5% elonga- 
tion frequently reported for this weldment 
is the result of highly localized straining 
in the near-weld region and should not be 
any uni- 
mate- 


interpreted as indicating that 


form elongation occurs in the bs: 


rial 

In the longitudinally welded specimens 
the parent sheet and weld perforce strain 
equally and the localization of strain in 
the weld region as shown by the transverse 
welded specimens is not developed. Ac- 
cordingly straining occurs over an exten- 
sive region, as is the case for unwelded 
specimens, resulting in higher values of 
elongation than noted for the transverse 
welded specimens. The level of deforma- 
tion developed at fracture was noted to be 
determined generally by the terminal duc- 
tility of the weld 
tested, except 61-75, failure was initiated 


In all such specimens 


in the weld at maximum load—complete 
failure followed increase in ex- 
The 61-75 weldment failed by 


the shoulders of the 


with no 
tension. 
initial fracturing at 

Typical 


specimens. fractures of the 


welded specimens are shown in Fig. 7. 


COMPARISON OF TENSILE PROP- 
ERTIES 

The stress-strain curves for the various 

test conditions are presented in Fig. 8, 

The strength, yield 


values of tensile 


Aluminum Alloy Weldments 


3 4 K) 6 T 8 
GAGE LENGTH IN INCHES 


strength and per cent elongation obtained 
from each individual specimen are listed 
in Table 3. the joint 
efficiencies in per cent as obtained by using 
the ! 
base line. 


Also included are 


in. wide base metal specimen as a 
Since a considerable amount 
of welding is being performed on 615-T6 
with 438 filler wire, the data presented in 
Table 3 were also evaluated using 61-43 as 
a base line 

The stress-strain curves of Fig. 8 show 
clearly that, as predicted from the studies 
of strain distributions, the elongation de- 
veloped in the 12-in. specimens is mark- 
edly less (25-50%) than noted for the !/.- 
in. specimens. Differences in flow strength 
are also indicated. In the case of the un- 
welded specimens somewhat higher flow 
curves are obtained for the wide speci- 
mens. This is to be expected from the 
known effect of biaxial stresses on stress- 
strain curves which are referenced only to 
one direction of stressing. The same tend- 
ency is also observed for the majority of 
transverse welded specimens. Differences 
in nominal fracture stresses are noted for 
the welded specimens with the wide speci- 
mens showing lower values. This may be 
attributed to the more advanced reduc- 
tion of thickness developed by the wide 


specimens which effectively results in 
higher true stresses than would be indi- 
cated by the nominal stress level plotted, 
and also to the increased probability of 
weakening flaws being present in the wide 
weld. In this respect it should be noted 
that the 


somewhat greater in the 12-in. wide speci- 


deviation in test results were 


mens. This latter possibility is believed 
to be minor, however 


Despite the marked differences in elon- 
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gation and energy absorption shown by 
the narrow and wide sheet specimens the 
relative standing of specific weld combina- 
tions generally remains unchanged. Thus 
it may be concluded that engineering ap- 
plication of data obtained with '/,-in. 
wide sheet specimens may be made in 
relative terms; viz. to establish order 
of ductility or energy absorption. On the 
other hand engineering application of 
'/-in. specimen data in quantitative terms 
is not permissible. Fracture in wide panels 
will be developed at considerably lower 
elongations than indicated by '/:-in 
specimen tests of welds. In this respect 
the small specimen tests are misleading 
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It should be emphasized further that for 
conditions of biaxial loading (which are 
also common in service) the elongation 
possible may be decreased to levels con- 
siderably below that indicated by the uni- 
axially loaded 12-in. wide sheets. This is 
due to the development of positive lateral 
strains in response to lateral loading. 
Under such conditions the contraction 
which occurs through the thickness direc- 
tion must be diverted in part to flow in 
the lateral direction. A further decrease 
in extension in the longitudinal direction 
Thus, for biaxial 
loading the predictions of the wide sheet 


necessarily follows. 


specimens must likewise be considered 


INCH WIDE 


SPECIMEN 


43 


12 INCH WIDE 
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as greater than may be actually realized. 
Biaxial loading by means of bulge or tube 
tests would be required to obtain quan- 
titative data as to the limiting strains 
which may be realized under these con- 
ditions. 

Inasmuch as the relative performance 
ranking of the various weld combinations 
is essentially the same for the '/,- or the 
12-in. wide specimens further reference to 
the significant differences shown by the 
various weld tests will be limited to the 
12-in. wide specimen series inasmuch as 
this series includes longitudinal weld 
tests. The following summary details the 
most significant aspects of weld perform- 


ance. 


SPECIMEN / INCH WIDE 


SPECI MEN 
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Typical fractures of welded specimens 
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Longitudinal Welds: The stress-strain 
curve of longitudinal welds follows the 
parent sheet curve closely. However, 
with the exception of the 61-75 combi- 
nation, failure occurs considerably in ad- 
vance of the terminal strain shown by the 
parent sheet. Yield strengths are some- 
what lower than that of the parent sheet. 
Tensile strengths are moderately lower in 
the case of welds in 248 and 758 while in 
the case of 618 and 148 an approximate 
match to the tensile strength of the parent 
sheet is attained. The relative energy 
absorptions are proportional to the elon- 
gations. 


Transverse Welds— Tensile Strength: The 
tensile strengths of transverse welds are 
markedly lower than those of the parent 
sheet. The 438 welds develop tensile 
strengths varying between 28,000 to 
38,000 psi. depending on the base alloy. 
The tensile strengths developed by the 75S 
welds are approximately 5000 psi. higher 
than the 438 welds in the 618 and 148 
sheets, 9000 psi. higher in the 248 sheet 
and 18,000 psi. higher in the 75S sheet. 
Thus, decided benefits due to the higher 
strength 758 filler are obtained which are 
most pronounced in the higher-strength 
base materials. 


Transverse Welds—Yield Strength: Yield 
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Fig. 8 Stress-strain curves 


strengths of 30,000 psi. are developed by 
the 43S and 758 welds in the 248 and 145 
alloys while only 20,000 psi. is developed 
in the 618 alloy. Initial yielding in the 
latter case was determined to be in the low 
strength, overaged zone. The 438 weld 
also developed 30,000 psi. vield strength in 
the 758 alloy while the 75S weld in the 
same alloy developed 44,000 psi. This rep- 
resented the highest yield strength ob- 
tained in the various combinations. 

Transverse Welds—Elongation: With 
the exception of the welds in the 61S base 
sheet all elongations were approximately 
2% or less. Values of less than 1% were 
obtained with the 248 alloy. In the case 
of the 61S sheet elongations of 2.5% and 
3.5% were obtained with the 438 and 75S 
fillers, respectively. It should be recog- 
nized from the data on strain distribution 
reported in the previous section that the 
higher elongations developed in 61S ma- 
terial are the result of added straining con- 
tributed by the low-strength overaged 
zone of this material. 

Transverse Welds—Energy Absorption: 
In view of the relatively minor variations 
in tensile strength developed by the vari- 
ous welds in the 148, 248 and 75S alloys 
energy absorptions were essentially in the 
order of the elongations developed by the 
individual combinations. The only out- 
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standing weld of this group was the 75-75 


* combination which featured higher than 


average tensile strength and ductility. 
The 618 welds showed considerably higher 
energy absorptions as the result of the 
higher elongations obtained. The 61-43 
weld was equaled or outperformed in this 
respect by the 61-75 and 75-75 welds. De- 
tailed data are presented in Table 3. 


CONCLUSIONS 


1. The stress state developed in uniax- 
ially loaded sheet tensile specimens differs 
considerably depending on the width of 
the specimen and the presence of welds. 

2. Standard '/,-in. wide sheet tensile 
specimens which are commonly used for 
the performance evaluation of aluminum 
alloy weldments develop essentially uni- 
axial stress conditions only in the case of 
prime sheet (unwelded) tests. A mild 
stress biaxiality is developed by reaction 
effects in transverse weld tests of high- 
strength aluminum alloy weldments. 

3. Nonstandard, 12-in. wide 
tensile specimens which were used as an 
approach to the service conditions of 
wide panels develop moderate biaxiality 
for prime sheet tests. Lateral reaction 
stresses by approximately 20% of the im- 
posed loading stress are observed. In com- 


sheet 
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parison the lateral reaction stresses to be 
expected in structural panels of great 
width should approach 50% of the imposed 
stress. This condition is characterized 
by zero flow in the lateral direction. Such 
complete flow restraint was obtained in 
transverse welds of 12-in. wide specimens 
due to the “grip effect” of the high strength 
sheet. The service conditions of welded 
panels were accordingly reproduced. 

4. The absolute amount of extension 
with reference to the loading direction is 
altered by the above variations in stress 
conditions. Inasmuch as the intrinsic 
strength and ductility of the welds remains 
the controlling factor the relative ranking 
of the various weldments is essentially 


of the exclusive localization of strain in 
the weld and overaged zones. Plastic 
strain does not occur in the contiguous 
sheet material. Limited benefit is found 
from the use of high-strength fillers in- 
asmuch as this merely results in greater lo- 
calization of strain to the overaged zone. 

6. Tensile and yield strengths are 
almost entirely dependent on the flow 
properties of the weld zones, moderate 
improvement in these properties are ob- 
served from the use of high-strength fillers. 

7. Longitudinal welds do not develop 
strain concentrations. Yield strengths 
accordingly approach prime sheet values. 
Tensile strengths are generally somewhat 
lower than for the prime sheet due to the 


basic departure to grades specifically de- 
signed for fusion welding is indicated. 
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» Effect of pearlite spacing on the notch toughness 
of a plain high-carbon steel with different grain sizes 


by J. H. Gross and R. D. Stout 


INTRODUCTION 


HIS paper presents the results obtained in the first 
part of an investigation into the effect of micro- 
structural variables on the notch toughness of 
steel. 

While previous investigations'~* have considered 
this subject, they have been limited in general to a con- 
sideration of quenched and tempered structures. This 
arose from the fact that the steels of interest were con- 
structional steels which are usually employed in the 
hardened and tempered condition. However, there 
is a large number of applications, principally in the 
structural field, where steel is employed in the nonheat- 
. H. Gross and R. D. Stout are, respectively, Instructor and Professor of 


Metallurgy at Lehigh University. 
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treated condition. Moreover the welding of these 
steels generally gives rise to a multiplicity of micro- 
structures ranging from the fully hardened to fully 
annealed structures. Thus the notch toughness of 
unhardened structures merits further investigation. 

The present investigation is intended to provide 
basic information on the effects of particular elements 
of microstructure on notch toughness, including the 
effect of pearlite spacing, ferrite-pearlite ratio, carbon 
content of the pearlite (as the ferrite content is reduced 
below the equilibrium value, the carbon concentration 
of the accompanying pearlite is reduced), austenitic 
grain size and prior structure. 

The results presented in Part I cover the effect of 
pearlite spacing on the notch toughness of a plain car- 
bon steel of eutectoid carbon content (C 1080) at two 
austenitic grain sizes. 

This steel was chosen for the initial investigation to 
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Table 1—Chemical Analysis of Steel 


Cc 0.80 
Mn . 0.74 
P 0.021 
0.04 


restrict consideration to pearlite, excluding both alloy- 
ing elements and pro-eutectoid ferrite. A recent in- 
vestigation‘ has reported the effect of alloying elements 
on notch toughness of pearlite, but at a single constant 
spacing. Another investigation® reported the effect 
of pearlite spacing on notch toughness in low-carbon 
steel, thus in the presence of pro-eutectoid ferrite. 


EXPERIMENTAL PROCEDURE 


Specimen Preparation 


Since a small cross-sectional area was necessary to 
insure uniform heat treatment, the standard V-notch 
Charpy specimen and the half-size tensile specimen 
were chosen for testing. Specimens '/2 x '/2 x 3 in. 
were cut from '/2- x 3-in. rolled flats and milled to 0.430- 
in. squares. A '/,-in. hole was drilled at one end of 
each specimen to permit suspension from a jig during 
heat treatment. After heat treatment in this size 
the specimens were surface ground to 0.394-in. squares 
to eliminate any possible decarburization, cut to the 
proper length and notched in the thickness direction of 
rolling with a standard Charpy V-notch. 


Heat Treatment 


Impact specimens were treated in lots of sixteen, 
each lot being used for a single transition-temperature 
determination, while tensile specimens were treated in 
pairs. In order to insure a uniform prior structure, 
all specimens were austenitized at 1600° F. (871° C.) 
for 15 min. in lead (all heat treating was done in lead 
baths) and oil quenched. Austenitizing for trans- 
formation was carried out at 1450° F. (787° C.) or 
at 1850° F. (1008° C.) depending upon the desired 
grain size. Five different bath temperatures 1300° F 
(705° C.), 1250° F. (675° C.), 1150° F. (620° C.), 
1050° F. (565° C.) and 900° F. (482° C.) were employed 
for isothermal transformation to the approximate 
pearlite spacings desired. 


Specimen Testing 


Transition temperatures were determined by fracture 
of the specimens in a standard impact machine. Energy 
absorption and fracture appearance were recorded. 
Because of the unusually high testing temperatures, a 
glycerin bath was used as the heating medium. Vickers 
hardness values were obtained at the third and middle 
points on the cross section of each specimen; the third 
point corresponded roughly to the notch root and was 
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Table 2—Hardness Determination (Each Value Is the 
Average of 25 Readings) 
— point ——~ Center —— 


Pi. Standard hardness Standard 


Specimen lot (VPN) deviation (VPN) _ deviation 
1300—Fine grained 215 8 211 8 
1250—Fine grained 251 7 249 6 
1150—Fine grained 299 6 296 7 
1050—Fine grained 344 S 335 8 

900—Fine grained 357 8 353 6 
1300—Coarse grained 227 8 224 9 
1250—Coarse grained 278 7 273 8 
1150—Coarse grained 313 307 11 
1050-—Coarse grained 352 8 342 7 

900—Coarse grained 383 10 374 11 


used as the locus for determining the representative 
hardness. The average hardness variation from speci- 
men to specimen as well as the third point to center 
variation is given in Table 2 

Standard tensile tests were performed to permit cal- 
culation of yield strength, ultimate tensile strength, 
reduction of area and elongation. Hardness surveys 
were made on an undeformed portion of each specimen. 

Pearlite spacing was determined by the technique 
employed by Gensamer* and Mehl’ but comprised one 
hundred determinations of the amount of pearlite re- 
solved in a given microscopic area on two specimens of 
each lot. The percentage of resolved and unresolved 
pearlite was determined directly by counting squares 
in a standard grain size eyepiece. 

Austenitic grain size was determined by fracture and 
by metallographic examination. 


RESULTS AND DISCUSSION 


Impact-Testing Results 


While the complete impact data are presented, for 
purposes of selecting transition temperatures an arbi- 
trary level of 8 ft.-lb. was established. The conclu- 
sions of the paper would not be altered if other criteria, 
such as the average of maximum and minimum value, 
were to be used. 

Figures 1 and 2 show the impact behavior of pearlite 
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Fig.2 The effect of transformation temperature on notch 
toughness of a coarse-grained eutectoid steel 


specimens produced by isothermal transformation at 
decreasing lead-bath temperatures. It should be 
emphasized that the reference temperatures were not 
the true reaction temperatures but rather the bath 
temperatures employed in order to produce the desired 
spacings in the relatively large Charpy specimens. 
In all cases the true reaction temperature was equal 
to or higher than the nominal lead-bath temperature. 
This resulted from the heating of the bath by the 
sensible heat of the specimens transferred from the 
austenitizing bath. 
selves were heated during recalescence. 
the true reaction temperature is displaced above the 


In addition the specimens them- 
In general 


nominal bath temperature by greater amounts as the 
temperature of transformation is lowered. This is 
the result of the shorter time to beginning of trans- 
formation, resulting in less dissipation of the trans- 
ferred sensible heat, and the shorter time of transforma- 
tion during which the heat of recalescence is liberated. 
No attempt was made to determine the true reaction 
temperature since determinations of hardness and pearl- 
ite spacing were made on each lot of specimens. 

It will be noted from the transition curves of pearlite 
having a fine grain (G.S., 7) that the transition temper- 
ature increases continuously as the transformation 
temperature decreases. A more significant way of 
stating this point, as is shown in Fig. 3, is that the transi- 
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tion temperature increases at an increasing rate with 
increasing hardness or decreasing pearlite spacing. 
This behavior does not coincide with the results pre- 
sented by N. Grossman® who concluded from a study 
of a low-carbon (0.15% C) plain carbon steel that the 
transition temperature is lowered by decreased pearlite 
spacing. However no definite conclusions can be 
drawn from the comparison since Grossman’s results 
are clouded by the presence of large amounts of free 
ferrite. In this connection it must be remembered 
that the amount of free ferrite in a hypo-eutectoid steel 
will decrease substantially as the transformation temp- 
erature:is decreased in order to produce a finer pearlite. 
Since no correction for the decreased free-ferrite con- 
tent was made and since preliminary investigations by 
the present authors indicate the amount of free ferrite 
to have a pronounced effect on the transition tempera- 
ture, it is believed that the aforementioned investiga- 
tion is not in conflict with the results reported here. 
Investigation is underway to determine the exact 
effect of various ferrite-pearlite ratios, pearlite spacings 
and pearlite-carbon contents. 

When the austenitic grain size is substantially coars- 
ened (G.S., 4) by a higher austenitizing temperature 
(1850° F., 1008° C.) the transition temperature at a 
given hardness or pearlite spacing was raised by a rela- 
tively large amount. This general behavior is in 
agreement with previous results. In the coarse- 
grained pearlites the finest spacing produced the high- 
est transition temperature, but increased spacing did 
not result in a continuous decrease in the transition 
temperature. Instead, transition temperature reached 
& minimum at a spacing of approximately 2200 A., 
corresponding to a hardness of 270 VPN 

At spacings above this value, there is a slight in- 
crease in the transition temperature. In addition the 
effect of increased austenitic grain size on the transition 
temperature appears to decrease as extremely fine 
Thus the effect of 
increased grain size in raising the transition tempera 


pearlitic spacings are approached 


ture seems most marked in the soft, coarse pearlites 


MICROSTRUCTURAL ANALYSIS 


The relation between hardness and the log of the 
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Fig. 4 Relation between pearlite spacing and hardness 
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Fig. 5 Typical microstructures resulting from isothermal transformation at 900~!300° F. for a eutectoid steel 


pearlite spacing was found to be linear. In Fig. 4 
this relation is shown along with a similar determination 
by Gensamer.’ Reasonably good correlation should 
be expected since the two steels were plain carbon 
eutectoid steels of precisely the same carbon and man- 
ganese contents. The displacement of the two curves 
is not surprising since determination of pearlite spac- 
ing is subject to considerable error. This arises from 
the need to estimate the percentage of pearlite resolved 
and unresolved under the microscope, at best a difficult 
task. It is reassuring that very similar slopes were ob- 
served. Gensamer, et al., state that their curve was 
drawn to the ‘‘same slope as the line drawn by Wells and 
Mehl’ through their data for the logarithm of the time 
rate of diffusion of carbon through austenite and the 
diffusion temperature.” 

Because of the possible error in pearlite-spacing de- 
terminations the hardness-spacing curve was calculated 
as the line of regression of the pearlite spacing on the 
hardness, assuming the hardness to be the true value. 

Typical examples of the microstructures resulting 
from the various transformations are shown in Fig. 5 
All photomicrographs were taken with an oil-immersion 
objective (N.A., 1.40) to allow direct comparison. This 
objective could not be employed in determination of 
pearlite spacing for specimens transformed at 1300° F. 
(705° C.) nominal temperature, since in these the pearl- 
ite was completely resolved and thus the spacing was 
not caleulable. An objective of 0.95 N.A. was used 
for the 1300° F. series. The 1.40 N.A. objective was 
employed for all other determinations. 

Examination of the micrographs shows the coarse- 
grained pearlite to be somewhat more ideally lamellar 
in nature than the fine-grained pearlite. A similar 
phenomenon was reported by Grange* who observed 
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that a fine austenitic grain size, resulting from either 
low austenitizing temperatures or grain-growth inhibi- 
tion, produces a less lamellar pearlite which he termed 

“semipearlite.” The exact influence that this struc- 
tural variation might have on transition temperature is 
not known. 
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TENSILE-TESTING RESULTS 


In an attempt to explain the occurrence of a mini- 
mum in the transition temperature versus pearlite- 
spacing curve, tensile data were obtained for each of the 
coarse- and fine-grained pearlite These 
tests were suggested by data® on a steel of exactly the 
same composition which showed a maximum in both 
the reduction of area and elongation curves as the 
pearlite spacing varied. The reported grain size was 5 
which compares favorably with the coarse grain size 
of this investigation. 
depicted in Fig. 6. 
of area and elongation for the fine-grained pearlites 
decrease continuously with increased tensile strength, 
ie., decreased pearlite spacing. 
with the variation in transition temperature which 


spacings. 


The tensile data obtained are 
It is observed that both reduction 


This is in agreement 


increased continuously with decreased pearlite spac- 
ing. Similarly it will be noted that both reduction of 
area and elongation for the coarse-grained pearlites 
exhibit a maximum. Although the maximum in duc- 
tility does not coincide precisely with the minimum in 
transition temperature, it does serve as the basis for 
a qualitative explanation. A similar relationship be- 
tween transition temperature and ductility, particularly 
reduction of area, as measured in the room-temperature 
tensile test was reported by Tér, Stout and Johnston.° 


CONCLUSIONS 


1. For a fine-grained, eutectoid, plain carbon steel 
the best notch toughness (lowest transition tempera- 


Notch 
toughness is lowered at an increasing rate with de- 
creased pearlite spacing. 

2. The coarse-grained pearlites exhibited maximum 
notch toughness at an average spacing of 2200 A. 
Pearlite spacings finer than 2200 A. resulted in lowered 
notch toughness but at a lesser rate than in the fine- 
grained pearlites. 

3. Coarse-grained pearlite of any given spacing ex- 
hibited lower notch toughness than corresponding fine- 
The maximum effect of grain size 
occurred at the coarsest pearlite spacing. 

4. At any given temperature coarse-grained austen- 
ite transformed to a more lamellar pearlite than fine- 
grained austenite. 

5. A qualitative correlation was observed between 


ture) occurs at the coarsest pearlite spacing. 


grained pearlite. 


the Charpy transition temperature and ductility as 
measured in a room-temperature tensile test. 
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Eifects of Light Peening on the Yielding of Steel 


Authors’ Reply 


Mr. Polakowski’s discussion is very much appreci- 
ated, and his peening-test results are interesting. 
However, the conditions of his tests were fundamentally 
different from ours, in that he applied tensile stress 
after the peening was finished, whereas our peening was 
done while the specimen was carrying constant tensile 
stress. He associates the elongation-during-peening of 
our test specimens with a reduction of elastic strength, 
and suggests that peening may cause this reduction by 
destroying a brittle “grain boundary skeleton” of 


Paper by HL L. Harrison and Blake D. Mills, Jr., was published in the 
Research Supplement to the May, 1951 issue of Tue Wetome Jovanat 
pp. 251-s to 253-s r. Polakowski's discussion appeared in the Sept. 1951 
issue page 450-s. 
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cementite and nitrides in ferrite. If this suggestion 
were the predominant factor, then the behavior of 
brass or aluminum alloys should be considerably dif- 
ferent. Peening tests of such materials are planned 
for the future. 

Answering Mr. Polakowski’s question, hardness tests 
made on several the test specimens showed very 
little hardness increase caused by 600 peening blows. 
The peened sections were, on the average, about one 
Rockwell-B hardness number higher than the unpeened 
sections (corresponding to about 2 Vickers or Brinell 


numbers). 
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Pressure Welding Aluminum at Various 


Temperatures 


§ Major factors in pressure welding of aluminum are 
temperature, pressure, and time and they are interde- 


pendent. 
at high 


by Mike A. Miller and Glenn W. Oyler 
SUMMARY 


RESSURE welding, as used in this paper, is defined 
as the formation of a solid-phase weld between 
metallic materials, by the application of a deform- 
ing pressure, at any temperature below the melting 
point of the components. It has been shown that the 
three major factors in the pressure welding of alumi- 
num, assuming optimum surface preparation and suit- 
able die design, are temperature, pressure and time. 
These factors are closely interdependent and capable 
of graphical representation. 
At temperatures below about 500° F., the extent of 
deformation during welding, largely established by the 
unit pressure, determines weld efficiency. At e'e- 
vated temperatures, diffusion is also an important fac- 
tor in the establishment of metallurgical bonds. This 
has been shown by photomicrographs of joints between 
dissimilar aluminum alloys. As a consequence, unit 
pressures decrease rapidly as temperatures increase 
above 600° F. and approach the solidus temperature 
of the alloy being welded. Selected published infor- 
mation has been correlated with the data obtained dur- 
ing this investigation in order to illustrate the funda- 
mental principles involved in the pressure welding of 
aluminum alloys. 
The advantages and disadvantages of using low 
temperatures and high unit pressures, as contrasted to 
he use of elevated temperatures and low unit pressures, 
ave been discussed. 


INTRODUCTION 


The formation of a weld between metallic materials, 
as a consequence of deformation resulting from the 
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Below 500° F., pressure largely controls but 
temperatures diffusion becomes 


important 


application of pressure below the melting point of the 
components, is termed pressure welding. A _ well- 
established modern version of a pressure or solid- 
phase welding process is the automatic or semiauto- 
matic pressure welding of steel. In this process, the 
parts are butted together under a pressure of several 
hundred pounds per square inch, heated by means of 
multiple oxyacetylene flames to a temperature of 
about 2200° F., and upset to a controllable degree by 
the application of an additional pressure of several 
thousand pounds per square inch.! 

It has been recognized by various workers in this 
field that the three major factors in solid-phase welding 
are temperature, pressure and time. These factors are 
interrelated in such a manner that a decrease in tempera- 
ture and/or time is possible if the pressure is increased ; 
an increase in temperature permits a decrease in pres- 
sure and/or time, etc. This follows from the fact that 
an increase in temperature causes an increase in atomic 
mobility and hence the ease of transformation, re- 
crystallization, diffusion and disruption or dissolution 
of oxide films. An increase in pressure promotes up- 
setting or deformation, thus bringing the surfaces into 
intimate contact so that diffusion and recrystallization 
can occur readily across the interface. An increase 
in time permits greater metal flow which brings the 
surfaces closer together, breaks up oxide films and in- 
creases the extent of diffusion. 

Pressure welding of aluminum is not new, having 
been developed by Heraeus as a hammer-welding proc- 
ess over fifty years ago.?_ This consisted of overlapping 
the parts to be welded at temperatures of about 750 
to 1130° F. and hammering them together. More re- 
cent variations consist of the application of either im- 
pact or sustained pressures to the overlapped parts at 
temperatures ranging from room temperature to within 
a few degrees of the solidus temperature of the alloy. 

Several investigations on the pressure welding of 
aluminum both at elevated** and room temperature**® 
have been carried out, principally abroad. With the 
exception of data published by Tylecote in England‘ 


486-s : Miller, Oyler—Pressure Welding Aluminum We.pinG Research SUPPLEMENT 


: 
4 
4 
= 


on the effect of certain variables on the efficiency of 
the pressure welding process, however, there has been 
little information of a fundamental character which 
could be used to establish a broad correlation over the 
entire temperature range in which aluminum can be 
pressure welded. Data obtained in the Aluminum Re- 
search Laboratories during the past several years indi- 
cate that some of the gaps in our knowledge concerning 
the mechanism of pressure welding can be resolved, 
and, although not all the factors related to the flow 
of metal during pressure welding, particularly at the 
low temperatures, are known, it is felt that a correla- 
tion of available data would be useful at the present 
time in view of the current interest in this welding 
process. 


0.78" TYPE A O.375* } 
be 
TYPE 8 O 0.189 * 
Die. | 
be 
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1378" TYPE O 0.189" 
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Fig. 1 (A) Types of joints used in studying the pressure 
welding of aluminum at various temperatures 
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Fig. 1 (B) Types of joints used in studying the pressure 
welding of aluminum at various temperatures 
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PREPARATION AND EVALUATION OF JOINTS 


Joint Design and Welding Apparatus 


Three basic designs of joints have been used by vari- 
ous investigators in order to evaluate the pressure- 
welding process as applied to aluminum and its alloys. 
These have been: (a) lap joints, pulled in tensile shear 
to determine the breaking load; (b) butt joints, used 
to determine the tensile strength of the weld; and (ce) 
welded pressure elements, on which bursting pressure 
tests have been made. Six variations of lap joints are 
shown schematically in Fig. 1; Fig. 2 illustrates one 
type of butt joint and Fig. 3 shows two variations of 
test elements used for evaluating bursting pressure. 


TYPE G 

PRESSURE BUTT WELD SPECIMEN 
0.625" 
- 
0.75" Die * 
Jm1 
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Figure 2 
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Type E and Type F joints have been made only at 
room temperature, while G and I joints have been made 
only at elevated temperatures. The remaining joints 
have been made at both room and elevated tempera- 
tures. 

Various types of apparatus have been used in mak- 
ing pressure-welded joints for evaluation of mechanical 
properties and these can best be considered by dis- 
cussing each type of joint separately. In the case of 
Type A specimens made at elevated temperatures, 
the apparatus consisted of a frame with a calibrated 
spring capable of exerting a maximum pressure of 2000 
lb. The specimen holder was designed for making a 
lap joint in two pieces of 0.064-in. thick sheet, 0.75 in. 
wide, with a maximum deformation of 50%. In most 
cases, the overlap was 0.5 in., the pressure being trans- 
mitted by means of a 0.75- X 0.75-in. welding head. 
The strips to be welded were placed in a heated fixture 
which could be lowered into a heavily insulated re- 
sistance furnace having suitable temperature controls. 
Temperatures were measured by a thermocouple at- 
tached to the holding fixture within '/s in. of the lapped 
portion of the specimen. Type A specimens made at 
room temperature were 0.75 in. wide with a 0.75-in. 
overlap and were made in a 300,000-lb. Amsler Tensile 
Testing Machine between 2.5-in. diameter steel dies. 

Tylecote’s Type B and C specimens were made by 
pressing the lapped sheets between two circular dies 
attached to a massive, resistance-heated, die block 
mounted in a hydraulic press.‘ Type B specimens were 
permitted to deform in the manner shown in Fig. 1, 
the angle “alpha’’ being about 20° at a deformation of 
50°. This type of specimen, when pulled in tension, 
was subjected to a considerable “peeling’’ action.‘¢ 
Type C specimens were made in ,a similar apparatus 
except that stops were used to limit the deformation to 
any desired degree and to prevent the ends of the speci- 
men at the lap from bending during the welding opera- 
tion.* 

Type D specimens were made in a single-action, 40- 
ton, A-3 Niagara Press to which steel blocks holding 
the dies were attached. A large number of die con- 
tours were investigated; one of the more successful 
types had a '/, in. radius and a °/;. in. width. Most 
of the Type D specimens were made at room tempera- 
ture, but in some cases the sheets to be welded were 
Type E joints 
were made at room temperature in the same apparatus 
as was used for Type A specimens made at room tem- 
perature except that the dies had four ridges machined 
on their faces in the pattern shown in Fig. 1. Type F 
specimens were made at room temperature in a hydrau- 
lie press using special dies designed for making lap 
joints in wire. 

Type G butt joints were made by Tylecote in two 
ways: (a) a constant temperature method whereby 
the upset or welding pressure was applied after the 
component parts reached a certain temperature, and 
(b) a constant pressure method whereby a constant 
load was maintained on the ends of the components 


preheated to various temperatures. 


488-s 


while they were heated through a range of tempera- 
tures until the required upset occurred.“ An oxy- 
acetylene flame ring burner, similar to that used in the 
pressure welding of steel,! was used to bring the speci- 
mens up to temperature. 

The pressure test element, Type H, was welded at 
elevated temperature by means of heated ring dies in a 
hydraulic press at pressures up to 13,000 psi.” The 
miniature evaporator test element, Type I, was welded 
at elevated temperatures by means of specially machined 
die blocks, heated by resistance elements, mounted in 
an H.P.M. press with automatic time and pressure de- 
vices, 


Surface Preparations 


Pressure welding of aluminum has been found to be 
greatly dependent on the surface preparation of the 
parts to be joined since contaminating films on the 
surfaces must be kept to a minimum in order to effect 
satisfactory bonds at reasonable pressures and tem- 
peratures. Of numerous chemical preparations inves- 
tigated for welding at elevated temperatures and low 
unit pressures, it has been found that a chemical etch 
in 15% hydrofluoric acid solution, after suitable de- 
greasing, produced the best results. Wire-brushing 
with a 6-in. diameter power-driven brush having 0.016- 
in. diameter steel bristles, however, gave the highest 
strength joints at both room and elevated tempera- 
tures. In the case of Type A specimens, using 0.064- 
in. thick magnesium-silicide type of alloy at a welding 
temperature of 930° F. and a welding pressure of 
5300 psi., it required 50 min. to effect as complete a 
bond with solvent-wiped surfaces as was obtained in 5 
min. with surfaces which had been etched for 30 see. 
in 15% hydrofluoric acid solution. It should be noted 
that with a welding pressure of 5300 psi., a so-called 
“gine immersion”’ treatment such as is used for the 
preparation of aluminum surfaces for electroplating, 
completely prevented welding even at 1125° F. for 1 
hr. The adverse effect of a “zinc immersion’ treat- 
ment was also shown by Type E welds in 0.064-in. 
thick EC-O sheet made at room temperature and a 
total welding pressure of 3000 Ib. The wire-brushed 
specimens failed at a breaking load of 431 lb., whereas 
the “zine immersion’”’ specimens did not weld under the 
same conditions, and gave a breaking load of only 295 
Ib. at twice the welding pressures, 6000 Ib. In the case 
of Type B specimens of 0.050-in. thick 28 aluminum 
made in 5 min. at 975° F. with a deformation of 
50%, it was found that the failing load of the specimen 
tested in tension was 475 lb. when the surfaces had been 
prepared by wire-brushing, but only 275 lb. when the 
surfaces had been prepared by phosphoric-nitric acid 
etching prior to welding.** Type E specimens in 
0.064-in. thick EC-O aluminum made at room tem- 
perature and a welding pressure of 8000 lb. failed at a 
breaking load of 560 Ib. when the surfaces had been 
prepared by wire-brushing as compared with 420 lb. 
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when the surfaces had been given a hydrofluoric acid 
etch. 

Surface contaminants were found to be extremely det- 
rimental to the formation of a satisfactory weld. For 
example, welds similar to Type D in 0.040-in. thick 
38-H16 alloy made at room temperature failed at 
breaking loads of 650 to 680 Ib. when wire-brushed and 
welded, but only at 140 to 170 lb. when the wire- 
brushed surfaces were rubbed with the hand or treated 
with a small amount of machine oil prior to welding. 

The foregoing illustrates the importance not only of 
surface cleanliness but also of surface condition or topog- 
raphy. The latter factor is not completely under- 
stood at present but work in progress should clarify its 
importance. 


EFFECT OF WELDING VARIABLES 


Time of Welding 


One important variable in pressure welding, particu- 
larly at elevated temperatures, is time. Assuming 
all other factors constant, i.e., alloy, temper, surface 
preparation, pressure, ete., the time of producing 
equivalent welds should decrease with increasing tem- 
perature since both extent of deformation and of inter- 
facial diffusion should increase with increasing tempera- 
ture. This has been found to be the case. Using 
Type A specimen with 0.5-in. overlap, pressure welds 
were made at 5300 psi. at various times and tempera- 
tures on several alloys which had been given a hydro- 
fluoric acid etch. Evaluation was by means of a 
“peel’’ test; if the joint could be stripped with no 
tearing of metal, it was considered that no welding took 
place. If some tearing of metal took place, the weld 
was considered partial, while if no peeling whatsoever 
took place, the weld was considered to be complete 
Typical data for 99.8°% pure aluminum and for a 1.5% 
magnesium silicide alloy are shown in Table 1. It 


Table 1—Type A Pressure Welds in Hydrofluoric Acid 
Etched 0.064-In. Sheet, 0.75 In. Wide with 0.5 In. 
Overlap Made at 5300 Psi. and Various Temperatures 
and Times 


As-rolled 99.8% As-rolled 1.5% 
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WELONG PRESSURE — 1000 psi 


Fig. 4 Isotherms of deformation versus welding pressure 
for Type B joints in wire-brushed 0.052-in. thick 2S alu- 
minum welded in 5 min. 


may be seen that the welding temperature required to 
produce complete welding decreased with increasing 
time. This has been found to be true of numerous al- 
loys investigated at elevated temperatures and low 
pressures. It has also been found that, in the tempera- 
ture range of about 850 to 1200° F., welding times of 
5 to 90 min., and low welding pressures of 1300 to 
5300 psi., using Type A specimens at a maximum def- 
ormation of 50%, a plot of the logarithm of the weld- 
ing time versus the reciprocal of the absolute tempera- 
ture gave reasonably straight isobars. 


Welding Pressure 


With a constant welding time, Tylecote’s types B 
and C specimens resulted in data for welding tempera- 
ture versus welding pressure which when plotted 
showed a gradual, then a rapid, increase in welding 
pressure as the temperature decreased.**:’ For any 
given temperature, the per cent deformation was found 
to increase as the welding pressure increased. Typical 
data for 0.052-in. 2S aluminum have been plotted in 
Fig. 4 as isotherms for per cent deformation versus 
welding pressure. These data have been replotted to 
show that the per cent deformation is directly propor- 
tional to the logarithm of the welding pressure at any 
given temperature, as shown in Fig. 5. Furthermore, 
at welding temperatures below the solidus, the welding 
temperature was found to be directly proportional to 


Welding pure aluminum Mq.Si alloy 

time, Extent of Extent of 

min. welding welding 

7.5 1100 Complete 975 Complete 
1090 Complete 965 Complete 
1075 Partial 950 Complete y 
1050 Partial 940 No weld a 

15 1075 Complete 940 Complete * 
1060 Complete 930 Complete ¢ 
1035 Partial 915 Partial z 

30 1035 Complete 920 Complete : 
1000 No weld 900 Partial +— | 

1000 Complete 890 Complete | 
985 Partial 875 Partial 

60 980 Complete 875 Complete 84 32 36 40 44 Sf 60 64 68 Tk 80 
975 Partial 865 No weld 

90 Fig. 5 Relationship between welding pressure and defor- 
mation for Type B joints in wire-brushed 0.052-in. thick 

2S aluminum welded at several temperatures 
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Fig. 6 Relationship between welding temperature and 
welding pressure for Type B joints welded at several def- 
ormations 


the logarithm of the welding pressure at any given def- 
ormation as shown in Fig. 6. Of course, it follows 
that the welding temperature should be directly pro- 
portional to the per cent deformation at any given pres- 
sure and it was found that a plot of such data resulted 
in a series of parallel lines in the temperature range of 
200 to 1100° F., deformations of 20 to 85°% and pres- 
sures of 10,000 to 80,000 psi. 

As previously indicated, pressure, temperature and 
welding time are the three variables of importance in 
pressure welding, assuming all other conditions con- 
stant. For example, the higher the pressure, the lower 
the required temperature for a given time. Thus, if 
sufficient data were available, it could be shown that 
the three variables could be represented simultaneously 
on a triangular plot, as has recently been suggested by 
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WELOING TEMPERATURE 


HIGH PURITY Al 


20 40 60 60 100 120 


WELOING PRESSURE - 1000 psi. 
Fig. 7 Relationship between welding temperature and 
welding pressure at optimum deformation 


Renner and Wolff. The sides of the triangle would 
actually be parabolic, not straight lines, since some of 
the relationships have been shown to be logarithmic. 


Welding Temperature 


It is apparent from the foregoing data that for a 
constant welding time, the welding temperature de- 
creased quite rapidly with increasing welding pressure 
until a temperature of 500-600° F. was reached, after 
which the welding pressure increased rapidly with 
slight decreases in temperature. This is shown for 
high purity and 28 aluminum in Fig. 7. This is prob- 
ably largely due to the decrease in tensile and yield 
strength and the large increase in elongation at temper- 
atures above about 500° F., resulting in greater ease 
of deformation and therefore greater flow of metal. 
It is also likely that interfacial diffusion becomes in- 
creasingly important at temperatures above 500—-600° 
F. This will be discussed in a later section. 


Fig. 8(A) Section at 14 X through Type D pressure weld 
in 0.064-in. thick 2S-O made at room temperature. 42% 
deformation 


Fig. 8(C) 75% deformation 
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Deformation 

The character of the interface and the shape of the 
joint made in wire-brushed 0.064-in. thick, 28-O Type 
D specimens at room temperature are shown in Fig. 8 
for deformations of 42, 55 and 75%, respectively. 
Figure 9 shows several pressure-welded joints at a 
higher magnification. The original interface was along 
the line of dark, hard-worked particles resulting from 
wire-brushing. Also shown is a photomicrograph of 
a Type D joint in 0.064-in. 61S-O made at room tem- 
perature with 55% deformation and heat treated to the 
61S-T6 temper after welding. Recrystallization has 
taken place across the interface indicating a true metal- 
lurgical bond. 

* Acknowledgment is hereby made to F. E. Rebhun of the Engineering 
Design Division of the Aluminum Research Laboratories for unpublished 


data on Type E welds and to F. N. Gordon and D. B. Dickerson of Alcoa 
Process Development Laboratories for unpublished data on Type F Welds 


Fig.9 (A) Section at 350 through Type F pressure weld 

in wire-brushed '/,-in. diameter 2S-O wire made at room 

temperature and a welding pressure of 1200 Ib. As- 
polished 


Fig.9(C) Section at 350 X through Type D pressure weld 
in wire-brushed 0.064-in. thick 61S-W alloy made at room 


temperature at 55% deformation. Keller's etch 
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MECHANICAL PROPERTIES OF WELDS* 


Joint Failure 

Pressure welds in lapped sheet or wire have been gen- 
erally evaluated by pulling the joint in tension. When 
a series of welds were made in a given alloy with in- 
creasing deformation, and the breaking strength of the 
joints determined by pulling the specimens in tension, 
it was found that there was an optimum deformation 
which gave the highest breaking strength. This op- 
timum deformation varied somewhat with the alloy 
and thickness of the sheet as well as with the type of 
joint or the particular design of tool used. This is 
illustrated in Fig. 10 for Type D joints in 0.064-in. 


thick 2S sheet made at room temperature. Several 


Fig.9(B) Section at 350 X through Type D pressure weld 
in wire-brushed 0.064-in. thick 2S-O made at room tem- = 
perature at 55% deformation 


> 


Fig.9(D) Section at 350 X through Type D pressure weld 
in wire-brushed 0.064-in. thick 61S-O alloy heat treated to 
61S-T6 after welding at 55% deformation. Keller’s etch 
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GAEAKING STRENGTH 


Fig. 10 Breaking strength versus deformation for Type 
D joints in wire-brushed 0.064-in. thick 28 welded at room 
temperature 


interesting things can be noted on these curves. It 
can be seen that 2S8-H18 alloy resulted in stronger 
joints than did 2S-O, up to a point where sufficient 
work-hardening had taken place in the latter to corre- 
spond to the harder temper, in this case about 85°; 
deformation. As shown by the lower curve for welded 
28-O aluminum which was annealed after welding, the 
work-hardening effect had not become appreciable until 
a deformation of over 50% had taken place. Another 
interesting thing is that for joints made at deformations 
up to about 50°%, the welds generally failed by peeling, 
with practically no evidence of tearing of the metal. 
At deformations of from about 50 to 80% joints failed 
at the edge of the weld where the metal had been 
thinned down because of the deformation. At defor- 
mations greater than about 80%, the joints failed 
through the weld since this was the weakest part of 
the joint. 

Similar data have been obtained for 528-O and 528- 
H34 alloys and have shown that the annealed alloy at- 
tained the same breaking strength as the harder alloy 
at a deformation of about 60%, this point correspond- 
ing to the peak in the strength versus deformation curve 


BREAKING STRENGTH 


DEFORMATION - % 
Fig. 11 Breaking strength versus deformation for Type D 
joints in several thicknesses of wire-brushed 52S-O welded 
at room temperature 
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SHEET THICKNESS-m. 
Fig. 12 Breaking strength and joint efficiency versus 
sheet thickness for Type D joints in wire-brushed 3S-O 
and 52S-O welded at room temperature 


at a breaking strength of 800 lb. The work-hardened 
alloy reached its peak at a deformation of 50°; and a 
breaking strength of 900 lb. 


Effect of Thickness 


Figure 11, for Type D specimens made at room tem- 
perature, shows the effect of sheet thickness on the 
breaking strength at various deformations for 52S-O 
alloy. Similar curves with lower maxima have been 
obtained for 3S-O. In general, the optimum deforma- 
tion falls between 50 and 60°%. These data have been 
replotted in Fig. 12 to show that while the breaking 
strength of these pressure welds increased with in- 
creasing sheet thickness, leveling off at a thickness of 
about 0.2 in., the joint efficiency decreased rather 
rapidly with increasing sheet thickness, being only 
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Fig. 13 Breaking strength versus joint overlap for Type F 
joints in wire-brushed 0.125-in. diameter 3S-H18 wire 
welded at room temperature 
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Fig. 14 Breaking strength and joint efficiency of Type F 
joints in wire-brushed 0.125-in. diameter wires welded at 
room temperature versus breaking strength of unwelded 
wires 
about 30°, for 0.25-in. thick sheet. This efficiency 
was probably dependent on the die design. 


Effect of Overlap 


Figure 13 shows the effect of joint overlap for Type 
F pressure-welded joints in 0.125-in. diameter 
H18 wire welded at room temperature and a pressure 
of 12,000 lb. The breaking strength increased with 
increasing overlap and at a 1.0-in. overlap became 
about 320 Ib., approaching the value of 395 Ib. ob- 
tained with unwelded wire. 


Effect of Alloy 


The breaking strength of Type F wire joints made at 
room temperature increased with the strength of the 
alloy used for the wire, as shown in Fig. 14, but the 
joint efficiency varied inversely with the strength of 
the alloy, being about 100° for 28-O and only 55% 
for 56S-H38. Type D joints in 0.064-in. sheet, made 
at room temperature, exhibited a similar effect as 
shown in Fig. 15. The joint efficiency at optimum def- 
ormation (50-60°7, range) decreased from about 90% 
for EC-O aluminum to about 10% for 75S-T6. 
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Fig. 15. Joint efficiency of Type D joints in wire-brushed 
0.064-in. thick sheet welded at room temperature versus 
typical tensile strength of alloy 


Effect of Heat-Treatment After Welding 


Pressure-welded joints in heat-treatable aluminum 
alloys welded in the annealed temper can be heat 
treated after welding to improve the mechanical prop- 
erties. Figure 16, for example, shows the breaking 
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Fig. 16 Breaking strength versus deformation for Type D 

joints in wire-brushed 0.064-in. thick 61S-O and 75S-O 

welded at room temperature and heat treated after weld- 
ing 


Table 2—Effect of Heat-Treatment After Welding on Breaking Strength of Pressure Welds in 0.064-In, Sheet 


Welding Welding Breaking Improvement 


Type of pressure, temperature, strength, by heat treat- 
joint Alloy Condition* lb lb ment, 
E 538-0 As-welded 12,000 Room temp. 710 
E 538-0 Heat treated 12,000 Room temp L000 40 
E 615-0 As-welded 18,000 Room temp 770 
E 615-0 Heat treated 18,000 Room temp. 1150 50 
E 758S-O As-welded 20,000 Room temp 770 
E 75S-O Heat treated 20,000 Room temp. 1230 60 
At 1. 5° Mg,Si As-welded 2,000 950t 850 
A 1.5° Mg.Si Heat treated 2,000 950 1250 47 
A 75S§ As-welded 2,000 950 1850 
A 75S§ Heat treated 2,000 950 2260 22 
* Heat treatment after welding 
+ Welding time: 45 min 
§ Clad with 5% coating of 1.5° Mg,Si alloy; as-rolled. 
As-rolled. 
One specimen failed at 2620 Ib. 
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strength of Type D welds made at room temperature 
in wire-brushed 0.064-in. 61S-O and 75S-O alloys versus 
the per cent deformation, for the as-welded condition 
and upon heat treatment after welding. Substantial 
improvements in strength are shown, from 700 to 1300 
lb. for 75S8-O at 60° deformation. Similar data have 
been obtained for Type E welds in 538-O, 61S-O and 
758-O alloys made at room temperature and welding 
pressures of 12,000, 18,000 and 20,000 Ib., respec- 
tively. These data are shown in Table 2. 

Table 2 shows that hot-welded joints are also sus- 
ceptible to an improvement in strength by heat treat- 
ment after welding. These results are for Type A 
joints made at 950° F. and 2000 lb. pressure. The 
experimental 1.59% magnesium-silicide alloy was used 
since it was found that Type A welds could be made at 
relatively low pressures with this material. It had 
been found that under these welding conditions, as- 
rolled 758 could not be made to adhere. However, 
by applying the magnesium-silicide cladding, welds 
could readily be made. The maximum breaking load 
obtained on the heat-treated 75S welds, 2600 Ib., is 
considered to be very good and is an indication of what 
‘an be done with this method of welding. 


Effect of Temperature 


It was found by Tylecote®” that the breaking strength 
of Type C welds in wire-brushed 0.046-in. 2S8-H14 
sheet, made at a total welding time of 2 min. and a 
temperature of 660° F., was greater than for similar 
specimens made at room temperature up to deforma- 
tions of 50-60°%. Tylecote also found* that Type B 
pressure welds made in 0.064-in. 38 at 1070° F. gave 
higher breaking strengths than similar welds made at 
930° F., for all deformations up to 80%, as shown in 
Fig. 17. The joints made at 80°% deformation failed 
at about 700 lb. when made at 930° F. and at about 
1100 lb. when made at 1070° F. Similar data have 
been obtained with various alloys and types of speci- 
mens. 
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Fig. 17 Breaking strength versus deformation for Type B 
joints in wire-brushed 0.064-in. thick 3S sheet welded at 
several temperatures 
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Stripping Strength 


The “stripping”’ strength of pressure welds has been 
found to be rather poor. The modified Type B speci- 
men used to obtain the results given in the lower curve 
of Fig. 17 consisted of a double-U type of specimen with 
the weld spot at the bottom of the “U.”’ Pulling such 
a joint in tension resulted in a stripping action. This 
type of specimen, made at 930° F. with 57°) deforma- 
tion, failed at 150 lb., whereas the shear-type specimen 
failed at 600 Ib.** Type E specimens in 0.064-in. 
538-O, made at 12,000 Ib. and room temperature, were 
found to have a stripping strength of 90 lb. compared 
with a breaking strength of 700 lb. for a similar shear- 
type joint. The large concentration of stress when a 
pressure-welded joint is subjected to a stripping action 
is a serious drawback to this method of welding. 


Butt Welds 


It has been reported* that as-welded Type G welds 
in 38 aluminum, made at about 1100° F. with a 250% 
increase in area during welding, have given a tensile 
strength of 14,000 psi. and an elongation in 2 in. of 
27.0%. Similar joints in as-welded 248 alloy, made at 
about 975° F. with a 325°% increase in area, gave a 
tensile strength of 34,600 psi. and an elongation of 
2.5%. Similar joints in 24S made at about 940° F. 
with a 250°% increase in area, heat treated to 24S8-T4 
after welding, gave a tensile strength of 39,200 psi. 
and an elongation of 2.0%. It was demonstrated,” 
by making pressure butt welds under constraint, that 
it was the deformation and not the unit pressure which 
determined the character of the welds. In the case of 
an aluminum-magnesium alloy welded at 1022° F. and 
5600 psi. to give an 18° increase in area, the tensile 
strength was 21,600 psi. with an elongation in 2 in. of 
2°, while under the same conditions, except that the 
increase in area was 203°7, the tensile strength was 
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Fig. 18 Air pressure at failure versus welding pressure for 
Type H joints in 0.046-in. thick 2S-H12 welded at 915° F. in 
2 min. 
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34,800 psi. and the elongation was 130%. At the same 
welding temperature (1022° F.) and a welding pres- 
sure of 30,000 psi., but the increase in area restricted 
to 203%, the tensile strength and elongation were 
about the same, 35,600 psi. and 13%, respectively. 


Pressure Elements 


Pressure-welded Type H elements in 0.046-in. 2S- 
H12 sheet made by Tylecote” in 2 min. at 915° F. 
were found to burst during an air pressure test at from 
120 to over 200 psi. as the welding pressure increased 
from 3000 to 13,000 psi. These data are shown in Fig. 
18. Type I joints made in hydrofluoric acid-etched 
J51S alloy at 1000° F. and a pressure of 6000 psi. 
failed in hydrostatic pressure testing at 200-280 psi., 
when the welding time was greater than 15 sec., cor- 
responding to deformations of 55-65%. No welding 
occurred at lower deformations, as shown in Fig 19. 
Similar joints made at 800—1000° F., 6000—10,000 psi. 
and '/, to 1 min. welding time, heat treated after weld- 
ing, failed at hydrostatic pressures which increased 
from 200 to 350 psi. as the deformation increased from 
38 to 58%. In this connection, it is interesting to note 
that no welding took place at 600° F., 10,000 psi. and 
1 min. with a deformation of 24°), but an excellent 
weld, failing at 410 psi., resulted when welding was at 
600° F., 10,000 psi. and 2 min. with a deformation of 
45%. It was found that an increase in strength of 
about 100 psi. took place when the welding time was 
increased from | to 2 min. at 600° F., the deformation 
being 45% in both cases. This suggests that diffusion 
across the iaterface may be an important factor in the 
pressure welding of aluminum alloys at elevated tem- 
peratures. 

This is verified by the data shown in Fig. 20. Type 
I welds were made in hydrofluoric acid-etched, 0.064-in. 
J51S alloy at 1000° F., 6000 psi. and 13 sec., with an 
average deformation of 41.5%. The welded speci- 
mens were quenched in cold water after being heated 


for various lengths of time at 1000° F. The as-welded 
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Fig. 19 Hydrostatic pressure at failure and deformation 

versus welding time for Type I joints in hydrofluoric acid- 

etched 0.064-in. thick J51S alloy welded at 1000° F. and 
6000 psi. 
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Fig. 20 Hydrostatic pressure at failure versus postheating 
time at 1000° F. for Type I joints in hydrofluoric acid- 
etched 0.064-in. thick J51S alloy welded at 1000° F., 6000 
psi. and 13 sec. (41.59% deformation) 


specimen failed at zero hydrostatic pressure. The 
bursting strength increased as the time of heat treat- 
ment increased so that after 2 hr. at 1006° F., the 
bursting strength was 350 Ib. 


DIFFUSION DURING PRESSURE WELDING 


Self-diffusion or diffusion across the interface between 
two identical alloys is difficult to demonstrate without 
special techniques. However, when certain dissimilar 
alloys are used, etching techniques can often be em- 
ployed to show the extent of diffusion. Type A pres- 
sure-welded joints, made in hydrofluoric acid-etched, 
0.064-in. sheet using two dissimilar alloys, were ex- 
amined microscopically after suitable etching. Figure 
21 shows the interface of several of the welds. Photo- 
micrograph (A) is from a weld made at 1050° F., 5300 
psi. and 45 min.; copper has diffused across the inter- 
face for a distance of 0.0020 in. Photomicrograph 
(B) is from a weld made at 1025° F., 5300 psi. and 30 
min.; in this case, copper has diffused into the alu- 
minum-magnesium alloy for a distance of 0.0007 in. 
Photomicrograph (C) is from a weld made at 975° F., 
5300 psi. and 30 min. and copper has again penetrated 
to a depth of 0.0007 in. into the magnesium-silicide 
alloy. Photomicrograph (D) is from a weld made at 
975° F., 5300 psi. and 30 min.; silicon has penetrated 
the aluminum-magnesium alloy to a depth of 0.0008 
in. and has formed a precipitate of magnesium silicide 
on the other side of the interface. Depletion of silicon 
near the interface is also apparent. In other experi- 
ments, it was found that zine diffused from a 1°% zine 
alloy into 99.85% pure aluminum for a distance of 
0.0014 in. at 975° F. in 30 min 

The diffusion of copper from the 4.5% copper alloy 
into high purity aluminum is equivalent to about 
0.00004 in. per minute, i.e., a tenth of a micron or 
1000 A. per minute. 


Welding Aluminum 495-8 


Fig. 21 (4) Photomicrograph at 100 of Type A pressure 
weld in 0.064-in. thick 4.59% copper alloy (bottom) to 
0.064-in. thick high purity aluminum made at 1050° F., 


300 psi. and 45 min. Keller's etch 


Fig. 21(C) Photomicrograph at 500 X of Type A pressure 

weld in 0.064-in. thick 4.59% copper alloy (bottom) to 

0.064-in. thick 1.59 magnesium silicide alloy made at 
975° F., 5300 psi. and 30 min. 


Fig. 21(B) Photomicrograph at 500 < of Type A pressure 

weld in 0.064-in. thick 4.5% copper alloy (bottom) to 

0.064-in. thick 2.59% magnesium alloy made at 1025° F., 
5300 psi. and 30 min. Keller's etch 


Fig. 21 (D) Photomicrograph at 500 < of Type A pressure 
weld in 0.064-in. thick 5.0% silicon alloy (bottom) to 0.064- 
in. thick 2.59% magnesium alloy made at 975° F., 5300 psi. 
and 30 min. Note precipitate of magnesium silicide in 
the magnesium alloy 


Table 3—Temperature in Degrees Fahrenheit for Complete Welding of Type A Joints in Hydrofluoric Acid Etched 0.064-In. 


Sheet Alloys at 5300 Psi. and 10 Min. 


1.0% 
MgZnz 
1025 
930 


1.5% 
Mg.Si 


1015 


>1075* 
1045 


2.5% 5% 
Mg Zn 


99.85% 


1015 
1045 
>1150* 


1000 
980 


1030 


1045 
980 


* These alloys could not be welded to themselves at 5300 psi. at any temperature below the solidus temperature even in 2 hrs. 
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Fig. 22 Joint efficiency versus welding pressure for Type E joints in wire-brushed 
0.064-in. thick aluminum and copper welded at room temperature 


It was found that a number of dissimilar alloys could 
be pressure welded at lower temperatures than they 
could be welded to themselves when low welding pres- 
sures were used. Some of the results are given in Table 
3. A 2.5% magnesium alloy, for example, could not 
be welded to itself at 5300 psi. at any temperature be- 
low the solidus (1150° F.) but could be completely 
welded to a 1.5% magnesium silicide alloy at 995° F. 
and to a 5% silicon alloy at 1000° F. This is probably 
the result of a difference in concentration of the alloy- 
ing elements on either side of the interface. 


WELDING ALUMINUM TO OTHER METALS 


Aluminum can be pressure welded to other metals 
as well as to itself. Figure 22, for example, shows weld 
efficiencies for Type E joints in 0.064-in. EC-O and 
2S-O welded to themselves and to annealed copper at 
room temperature and various pressures. In the case 
of aluminum to aluminum joints, a joint efficiency of 


Fig. 23(4) Photomicrographs at 500 of Type F pressure 

weld in '/s-in. diameter annealed copper wire (bottom) 

to '/s-in. diameter 2S-H18 wire made at room temperature 
at welding pressure of 15,000 lb. As-polished 
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] 90°% was obtained at a welding pres- 

sure of about 3000 Ib. whereas alu- 

4 = minum to copper joints did not at- 

aad tain this efficiency until a welding 

| o pressure of over 10,000 lb. was used. 

roa Copper to copper welds attained a 

| Voor joint efficiency of 60° at about 
10,000 Ib. welding pressure. 

Several procedures have been re- 

ported for pressure-welding butt 

79 joints of aluminum to steel at ele- 

Copper 

Copper vated temperatures.” Data on pres- 

Capper sure-welded Type E joints of EC-O 

22 and 61S-O to “blue annealed” mild 


steel made at room temperature 
showed that no welding took place 
below about 10,000 Ib. Joints of 
EC-O to steel made at 20,000 Ib. failed at 325 lb., while 
joints of 61S-O to steel made at 20,000 Ib. failed at 
475 |b. It has been found that satisfactory Type A 
joints could readily be made chemically cleaned 
(.064-in. pure aluminum and steel at only 5300 psi. 
when a temperature of 1170 F. was used. 

Figure 23 shows micrographs of aluminum (top) to 
copper (bottom) and aluminum (top) to oxidized steel 
(bottom) joints made at room temperature and at ele- 
vated temperatures, respectively. Slight formation of 
an alloy layer is evident in the latter case. 

It is probable that a number of other metals could be 
pressure welded to aluminum under the proper condi- 
tions. 


DISCUSSION OF RESULTS 
It is apparent from the preceding results and discus- 
sion that aluminum alloys can be pressure welded at 


Fig. 23(B) Photomicrograph at 150 < of Type A pressure 

weld in 0.064-in. thick oxidized mild steel (bottom) to 

0.064-in. thick high purity aluminum made at 1150° F., 
5300 psi.and7 min. As-polished 
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any temperature below the solidus providing the proper 
conditions of time, temperature and pressure are used 
to insure an adequate deformation at the faying sur- 
faces. The basic requirement is that a sufficient pres- 
sure on properly prepared surfaces be used to cause the 
metal to flow to the required amount in the proper di- 
ection. The latter condition is met by proper tool 
design. Since unit pressures increase rather rapidly as 
the temperature falls below the solidus, it is apparent 
that only rather limited areas can be simultaneously 
pressure welded at room temperature. This is not too 
serious a drawback since joints can be made with small 
spots, applied simultaneously or progressively, or by 
the use of the seam-welding technique where only a 
small area is being deformed at any given instant. 

Pressure welding can be carried out at elevated tem- 
peratures with rather low unit pressures, making it 
possible to weld appreciable areas, for example, about 
6.5 sq. in. in the case of Type I specimen and even 
larger for a commercial intercooler fabricated in Ger- 
many during World War II.’ Pressure welding at 
elevated temperatures has the further advantage that 
the diffusion phenomenon can contribute to the forma- 
tion of the joint. Such diffusion effects can be demon- 
strated by welding dissimilar aluminum alloys. The 
major disadvantage of pressure welding at elevated 
temperatures is the need for a heated die. 

The rather limited data available indicate that defor- 
mation is directly proportional to the welding tempera- 
ture at any given pressure and is also proportional to 
the logarithm of welding pressure at any given welding 
temperature. For a given deformation, the welding 
temperature has been found to be proportional to the 
logarithm of the welding pressure. 

For certain types of pressure-welded joints, there is 
an optimum deformation which gives the highest 
breaking strength. For example, with Type D joints, 
this optimum was found to be between 50 and 60% 
With the same type of specimen, the breaking strength 
was found to increase but the joint efficiency to de- 
crease as the thickness of the sheet increased. The 
breaking strength of Type F wire joints increased with 
increasing overlap and began to level off at an overlap 
about 10 times the diameter of the wire. 


It was found that the breaking strength of Type F 
Wire joints increased but the weld efficiency decreased 
as the strength of the parent metal increased. The 
weld efficiency of Type D sheet joints also decreased 
as the strength of the parent metal increased. Heat 
treatment of heat-treatable aluminum alloys after 
pressure welding at room temperature or at elevated 
temperatures increased the breaking strength. The 
bursting strength of hot-welded pressure elements in- 

eased with increasing deformation and with increasing 
time at temperature. 

Surface preparation is one of the important variables 
in the pressure-welding of aluminum alloys. Rotary 
wire-brushing, which has been used as a satisfactory 
surface preparation for spot welding and for inert-gas- 
shielded are welding, appears to be suitable for making 
pressure-welded joints. Etching in hydrofluoric acid 
has also given good results, particularly for welding at 
elevated temperatures. 

A number of applications for the pressure welding of 
aluminum have been proposed®** and others undoubt- 
edly would lend themselves to this method of fabrica- 
tion. However, since this paper is concerned mainly 
with the fundamentals of welding, no effort will be 
made to discuss possible applications except to point 
out that these include such items as tubing, containers, 
heat exchangers, ete. 
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Investigation of Factors Which Determine the 
Performance of Weldments 


® Bulge explosion tests indicate that the perform- 
ance of pearlitic steel weldments is determined 
by the weld rather than by the heat-affected zone. 
Tests were made on high-tensile and mild steel 


by C. E. Hartbower and W. S. Pellini 


Abstract 

The explosion bulge technique has been applied to a study of 
the fracture performance of */,-in. thick butt weldments and 
unwelded plate. Two steels representative of high-tensile and 
mild-steel grades were investigated. The welds included £12016, 
E7016 and E6010 types. In conjunction with the bulge fracture 
study, the deformation characteristics of the various weld and 
base metal combinations were investigated together with their 
flow strengths and Charpy V-notch transitions in an attempt to 
determine the basic factors controlling weld performance. 

It is indicated that the performance of pearlitic steel weldments 
is determined by the weld rather than by the heat-affected zone. 
The notch toughness and flow strength of the weld appear to be 
the major controlling factors. 

The significance of explosion bulge test evaluations in terms of 
structural performance is discussed. 


INTRODUCTION 


PRESSING need exists in the welding field for a 
relatively inexpensive, semiworks-scale, structural 
test of full weld joints featuring simple geometry 
and controlled loading. Such a test has been 

developed at the Naval Research Laboratory by ex- 
tension of established bulge test techniques long used 
for evaluating the behavior of metals under combined 
loads. The test features the bulging of welded plate in 
full thickness by means of an air blast produced by the 
detonation of an explosive. By modification of bulge 
geometry it is possible to obtain a wide range of stress 
conditions. 

The theory and development of the test have been 
reported previously* together with a detailed analysis 
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of the plastic deformation characteristics of various 
weld combinations. It was demonstrated that the stress 
and strain states imposed by the loading conditions are 
not always accepted as such by the weld joint. De- 
pending on the relative flow strengths of weld and base 
metal, a system of stress and strain entirely foreign to 
the remainder of the structure may be developed in the 
weld and near-weld regions. 

The present report deals with the fracture charac¢ 
teristics of various weld and base metal combinations, 
In addition, the nature of the weld-deformation charac¢ 
teristics have been studied in relation to the intrinsié 
properties of the welds and base metal in an attempt té 
arrive at a basic understanding of the factors controlling 
weld performance. 


TEST METHOD 

The tests were conducted by placing a 20- x 20-in} 
weldment or prime plate specimen over a 3-in. thick 
saddle plate containing a 12-in. diameter circular opens 
ing chamfered to permit smooth entry of the bulge inté 
the die cavity. The force required to produce the bulg@ 
was developed by exploding a cast wafer of Pentolitet 
(10 in. diameter, */, in. high, weighing 4 lb.) placed at @ 
distance of 15 in. from the test plate. Offsetting thé 
charge was deemed to develop an essentially flat pres 
sure wave of uniform intensity over the test area. Thé 
supported portion of the test plate was thereby clamped 
to the saddle plate and the unsupported area (289% of 
the total) developed into a spherical bulge featuring 
balanced biaxial stressing.t Figure 1 shows test de- 
tails and a typical bulge. 

The tests were conducted at temperatures ranging 
from +25 to —105° F. The —105° F. temperature 


+ Comparisons between this cast explosive and the pla explosive 
Demolition Block M3 Composition C3) pre is st eve i signifi 
cant differences Cast pentolite (manufactured by the Naval Mine Depot 
at Yorktown, Va.) was adopted because of the ease of ha “ mnpared 
to the plastic explosive 

t Because of the thickness of the + ure de ped 
which introduce a reaction stress ¢ n u 


mild triaxiality results 
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was obtained by packing test plates in dry ice for a 
minimum of 3 hr.; intermediate temperatures were 
obtained by use of thermostatically controlled subzero 
cabinets regulated by heating elements and circulating 
dry-ice vapors. The test plates were held at the de- 
sired temperature for a minimum of 3 hr. prior to firing. 
An increment loading technique was employed consist- 
ing of successive explosions against each plate until the 
desired strain level was reached or fracture occurred. 
Between shots the test plates were returned to the con- 
trolled-temperature cabinets for a minimum of 1 hr. 
Thus, by holding the increment of strain to a low value 
adiabatic deformation was minimized; moreover adia- 
batie deformation is essentially eliminated if brittle 
fractures are attained. Possible strain-aging effects 
attending the increment loading technique were coun- 
tered by the test plates being stored at subzero tem- 
peratures between shots. The average total time re- 
quired for firing and returning the plate to the cabinet 
was 2 min. 

All test plates were surface ground to provide a suit- 
able surface for photogrid application. The grinding 
operation reduced the thickness of the plates from a 
nominal */, in. to 0.650 + 0.005 in. 


TEST MATERIALS 


Two plate materials were investigated: (1) a low- 
alloy high-tensile firebox steel (HTS) manufactured to 
U.S.N. Spee. 4885g (Grade HT Type A) and (2) a fully 
killed mild steel (MS) manufactured to A.S.T.M. Spee. 
A201-49 Grade B. Chemical analyses and tensile prop- 
erties are listed in Table 1. Each material was sup- 
plied from a single heat of steel. 

Three weld deposits were investigated; viz., 60° 
double-V manual butt welds using A.W.S. type £12016, 
E7016 and E6010 electrodes (details shown in Fig. 2). 
Heat inputs for each electrode were selected according 
to manufacturer’s recommendations. Each type of 
electrode used was taken from a single batch; the 
£12016 electrode satisfied the requirements of speci- 
fication MIL-E-986 (Ships) (2). The weld joints in 
HTS were prepared in two groups paralleling both prin- 
cipal orientations with respect to the direction of roll- 
ing; the joints in MS were transverse to the rolling 
direction. The same welding operator was used 
throughout the investigation. Welds were radio- 


graphed and the presence of flaws noted for possible 


Table 1 
Chemical analyses, % 
oy Mn Si P Ss Cu Vv Ti 


HTS 0.14 1.22 0.27 0.019 0.031 0.27 0.08 0.008 
MS 0.60 0.21 0.019 0.036 0.27 


Tensile properties 


Yield Tensile % Elongation 
strength, psi. strength, psi. in 8 in, 
52,000 84,000 27 
38,000 64,000 27 


Fig. 


1 Explosion bulge test equipment 
simplicity of test procedures 


illustrating 
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pres! 
INCHES 
HTS 
MS 
— 
500-8 


60° 


E6010 E7016 > E120163 

PASS*| DIAM. | AMPS. |VOLTS| AMPS. |VOLTS| AMPS. | VOLTS 
Ist | 5/32 150 22 150 22 150 22 
2nd | 3/16 175 24 250 24 250 22 
3rd°| 5/32 150 22 175 23 175 22 
4th 

to | 3/16 175 24 250 24 250 22 
8th 


1 Maximum interpass temperature 200°F. 
2 Root-chipped prior to the 3rd pass. 
3 Mineral coated electrodes dried at 500°F for a min. of 1 hour. 


Fig. 2 Welding procedure 


judged to be more or less typical of the quality that 
might be expected of a good operator in production. 
The microstructure of the plate materials was normal 


correlation with fracture performance. Additional 
note was made of the presence of porosity exposed by 
surface grinding. Practically all welds were found to 


contain traces of porosity; nevertheless, the welds were except for the presence of bands of elongated MnS 


MICROSTRUCTURE NEAR THE WELD SURFACE 


a 


MICROSTRUCTURE AT MIDTHICKNESS 


Fig. 3 Microstructure of deposited weld metal. 200 
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Fig. 4 Charpy V-notch transitions notched parallel to 
rolled surface 


inclusions in the HTS. A decided variation in micro- 
structure occurred from surface to center of the E6010 
and E7016 weld deposits as the result of the heat treat- 
ment produced by succeeding passes. The E12016 de- 
posit, on the other hand, developed a fine bainitie strue- 
ture over the entire cross section. Representative 
microstructures are shown in Fig. 3. V-notch Charpy 
transition curves for each of the weld deposits and the 
two base metals are presented in Fig. 4. The orienta- 
tion of the notch was parallel to the rolled surface. 
Base metal specimens were cut longitudinal to the 
direction of rolling; weld metal specimens were cut 
transverse to the weld joint and as close to the surface 
as possible so that the apex of the notch was contained 
in last-pass weld metal. The 15 ft.-lb. transitions are 
listed in Table 2. 


Table 2—V-Notch Charpy Transition Temperature 


Material at 
0 
0 
—100 
—65 


£6010 ~50 


The flow strengths of the two plate materials and of 
the various weld metals were determined by means of a 


RELATIVE FLOW STRENGTH 
OF WELD AMD BASE METALS 


020 950 
WUE STRAM (2 
Figure 5 


small notched tensile specimen described previously 
(see reference (*) on p. 499-s). The flow curves are pre- 
sented in Fig. 5 and the relative flow strengths (at 0.05 
strain) are listed in Table 3. 


Table 3—Relative Flow Strengths of Weld and Base Metal 


Flow 
strength, 
psi. 
at 0.05 —Difference between weld and plate 
strain HTS MS 


12% undermatch 
¢ 5% undermatch 
133,000 39% overmatch 


15% overmatch 


82% overmatch 


The distribution of strain in the various welds, shown 
in Figs. 6, 7 and 8, is in accord with previous observa- 
tions as to the effect of relative flow strengths of weld 
and base metal. Whenever the flow strength of the 
weld deposit exceeds that of the base metal (overmatch- 
ing), the magnitude of the transweld strain component 
as measured Ly photogrid is lessened (a strain decon- 
centration) in vhe weld and near-weld region, while the 
weld-longitudinal component is essentially unchanged. 
In accord with the condition of constancy of volume in 
plastic flow, the reduction in thickness in the weld is 
also lessened resulting in a base-relief of the weld. 
Whenever, the flow strength of the weld is less than 


TRANSWELD SURFACE STRAIN DISTRIBUTION 
RESULTING FROM DOUBLE-¥ BUTT WELDS 
IW HIGH-TENSILE STEEL 


TRANSWELD STRAIN 


Figure 6 
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fig. 7 Distribution of thickness strain resulting from 
double-V butt welds in high-tensile steel 


that of the plate (undermatching), the transweld strain 
is greater in the weld than in the adjoining plate (a 
strain concentration) and, consequently, the weld under- 
goes greater reduction in thickness. Specifically, the 
E12016 deposit in HTS and both the £12016 and E6010 
deposits in MS were found to be overmatching causing 
strain deconcentrations in the weld deposits. The 
E7016 and £6010 deposits in HTS were undermatching 
causing a concentration of strain in the weld deposits. 
Particularly noteworthy was the restraining effect of 
the E12016 deposit—3 shots against the E12016-HTS 
weldment were required to produce the same general 
level of thickness strain over the pole of the bulge as 
that developed by 2 shots against the E6010-HTS 
weldment. A marked difference also was demonstrated 
between the high-tensile and mild steels —2 shots against 
the E6010-MS weldment developed almost twice the 
general strain produced by 2 shots against the E6010- 
HTS combination. 


FRACTURE STUDIES 


Choice of Performance Criterion 


Of the many criteria that may be used to evaluate 
explosion bulge fracture performance,* terminal strain 
(final strain at fracture) was deemed to be of greatest 
engineering significance. Three components of strain 
may be measured—the two biaxial strains developed in 
the surface of the bulge and the reduction of bulge 
thickness. Furthermore the three strains may be 
measured at any location in the bulge. However, the 
points of greatest interest are the site of first separation 
in fracturing and a location in the pole region removed 
from the weld indicative of the maximum general level 


* For example, criteria that may be used include: (1) the weight of ex- 
plosive required to produce fracture, (2) critical distance (standoff) between 
explosive and plate to cause fracture, (3) depth of bulge prior to fracture 
and (4) number of shots to produce fracture 
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Fig. 8 Distribution of thickness strain resulting from 
double-V butt welds in mild steel 


of strain accepted by the weldment as a whole. At the 
site of first separation (selected by tracing the herring- 
bone patterns in the fracture surfaces), two strain 
measurements are practical: (1) the weld-longitudinal 
component of surface strain as determined by photo- 
grid (severe strain gradients encountered in the trans- 
weld direction make measurement of the transweld 
component impractical), and (2) thickness strain by 
micrometer caliper. It should be noted in regard to the 
latter that in cases where the flow strength of the weld 
deposit is less than that of the base metal, measurement 
of thickness strain in the weld indicates a high value of 
terminal strain because of the concentration of strainj 
whereas, the over-all general level of strain imposed on 
the weldment at fracture is relatively low. Thus, thé 
general level of strain accepted by the weldment as @ 
whole at fracture should be measured for realistié 
evaluation of the over-all performance of the weldments 
Thickness strain measured by micrometer caliper at @ 
point removed from the weld serves this purpos€ 
admirably and, moreover, the measurement is both 
expeditious and reproducible. A location 1'/2 in. from 
the weld center line on a radial line through the pole wag 
elected for this measurement since it was outside the 
sphere of influence of the largest weld likely to be 
encountered and yet within the pole region of the bulge. 
Inasmuch as all three strain criteria indicated essentially 
the same transition temperature (details are presented 
in the following section), it was decided to standardize 
on the measurement of thickness strain at the 1'/:-in. 
pole position. 

The significance of the pole region has been described 
in detail in the previous report. Briefly this refers to 
the area at the apex of the bulge which is effectively 
under uniform strain. The thickness-to-diameter 
(span) ratio of the bulge determines the extent of this 
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area at any given strain level—the area diminishes in 
size as the bulge develops to a complete hemisphere. _ It 
was determined that a pole region of sufficient size 
(approximately 3-in. diameter) to encompass the weld, 
HAZ, and a portion of the plate for the widest welds 
likely to be encountered is retained to approximately 
10% thickness strain. In the range of 10-15% thick- 
ness strain the pole region becomes progressively smaller 
than the desired test area and finally develops flow insta- 
bility or “necking down.” Accordingly, it may be con- 
cluded that for the thickness and diameter of bulge 
used in this investigation, constant test mechanics are 
ensured only to thickness strains which do not greatly 
exceed the 10%. 

In view of the above considerations a limiting value 
of 10°% strain (0.100 in./in. reduction in thickness) was 
taken to indicate a high level of performance; i.e., if a 
bulge fractured above a strain of 0.100 in./in., it was 
considered to have adequate ductility and in plotting 
the strain-to-fracture vs. temperature transition curves 
the point was represented as an open circle at 0.100 
in./in. strain. A limiting value of 0.010 in. in. (1% re- 
duction of thickness) was taken to indicate brittle per- 
formance. 


It will be shown in the following sections that as the 
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OW EXPLOSION BULGE TRANSITION CURVES 
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TESTING TEMPERATURE (*F) 
Figure 9 


0.056 IN./IN. STRAIN 


0.024 IN/IN. STRAIN (-105°F ) 


bulges are tested at successively lower temperatures a 
transition range is reached wherein fractures develop 
between the limits of 10 and 1% strain and that at still 
lower temperatures fractures occur at 1°% or less strain. 
A comparison of the relative performance of the various 
prime plates and weldments may thus be made by com- 
paring the level of temperature corresponding to the 
transition from ductile to brittle performance. 


Fracture Characteristics of E12016-HTS Weld- 
ment 


Twenty weldments were tested over a temperature 
range of —50 to —105° F. Inasmuch as the £12016 
HTS weldments represented the first series tested, 
transition curves were plotted using the three criteria 
described in the previous section; viz. (1) the weld- 
longitudinal component of the biaxial surface strains at 
the site of first separation, (2) the thickness strain at 
the site of first separation and (3) the thickness strain 
at the 1'/,-in. reference position in the pole area. As 
stated previously all three criteria indicated the same 
level of performance* (Fig. 9); transition from ductile 
to brittle behavior occurred at —105° F. Significant 


* The three criteria were also investigated for the case of the E7016 weld- 
ments and again all criteria indicated essentially the same transitions 


TYPICAL FRACTURE PATTERNS i 
Fig. 10 E12016-HTS 
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differences in performance between the two orientations 
of joint were not observed in the E12016-HTS weld- 
ment or in the weldments described in following sections. 

A study of the site of first separation (as revealed by 
tracing the path of fracture from herringbone patterns 
in the fracture surfaces) showed that the origins of 
failure were equally distributed between the weld and 
the base metal. The base metal failures occurred at 
distances of !/2 to 4-in. from the weld deposit. In the 
case of failures originating in the weld, the fracture paths 
were oblique to the weld joint, electing to propagate in 
the base metal rather than in or along the weld deposit 


EXPLOSION BULGE TRANSITIONS 
FOR HIGH-TENSILE WELDMENTS 
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0,051 IN./IN. STRAIN (-75°F) 


itself. Figure 10 shows typical fracture patterns and 
surfaces. 

The radiographic quality of welds as evidenced by 
number, position (distance from the pole) and size of 
porosity did not correlate well with fracture perform- 
ance. Correlation of performance with the number 
and size of flaws was upset by several cases where there 
was no failure at strains up to 10% or where failures 
initiated in the plate material in spite of the presence of 
such flaws. The only distinctly anomalous failure 
which occurred in this investigation (0.056 in./in. strain 
at —50° F.) is of particular interest since it represented 
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TYPICAL FRACTURE PATTERNS 


Fig. 12 HTS prime plate 


WELD-METAL FRACTURE SURFACES 


TYPICAL FRACTURE PATTERNS 


Fig. 13 E7016-HTS 
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0.100 STRAIN (25°F) 


a premature failure triggered by a pocket of surface 
porosity (Fig. 10). 

The absence of a shear lip at the site of this anomalous 
failure is noteworthy inasmuch as it is an exception to 
the general behavior of the £12016 fractures, viz., that 
the E12016 welds showed surface shear or “lips’’ at 
temperatures above —105° F. The severity of this 
type of weld defect is accordingly indicated. The frac- 
ture surfaces in the HTS plate, on the other hand, did 
not exhibit surface shear at the highest temperature 
tested (0° F.). 


Fracture Characteristics of HTS Prime Plate 


The transition of the unwelded HTS plate (Fig. 11) 
was to all practical purposes the same as that of the 
£12016-HTS weldment. In spite of the brittle frac- 
ture appearance (Fig. 12), all of the plates tested at 
—75° F. and above withstood over 10% reduction in 
thickness prior to fracture. The fracture in one of the 
five bulges tested at —105° F. was triggered by what 
appeared to be a lamination located approximately 
4'/, in. from the pole. The thickness strain at the flaw 
was nil, while the general level of strain (measured 1'/. 


TYPICAL FRACTURE 
SURFACES 
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Fig. 14 E6010-HTS 


PATTERNS 


in. from the pole) was 0.034 in./in. Surface shear was 
not observed at the highest temperature tested. 


Fracture Characteristics of E7016-HTS Weldment 


The transition for the E7016 weldment (Fig. 11) 
occurred in the range of —50 to —75° F. In contrast 
to the E12016 weldment which developed strains 
higher than 10% prior to fracture at temperatures 
above —105° F., only one of the thirteen E7016 weld- 
ments tested at temperatures below — 25° F. withstood 
10° reduction in thickness before failure. Further- 
more, the fracture paths indicated that the failures 
initiated in the welds and, with few exceptions (4 out of 
20), the fractures traveled for extensive distances in the 
weld. Typical fracture patterns and surfaces are 
shown in Fig. 13. Note from the herringbone pattern 
that the site of first separation within the weld is not 
easily determined; sometimes the fracture appeared to 
initiate at more than one point or over an extended area 
along the weld. Note also that the site of first separa- 
tion is at the center of the weld thickness.* The E7016 


* Macroexamination of cross sections showed the fracture to be contained 
wholly in the deposited weld metal 
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£6010-MS 


Fig. 16 


fracture surfaces did not exhibit surface shear at the 
highest temperature of test (—25° F.). 


Fracture Characteristics of E6010-HTS Weldment 


The transition for the E6010 weldment (Fig. 11) 
occurred gradually over the range of 0 to —75° F. 
The E6010 weld withstood greater plastic flow in the 
transweld direction than would be indicated by con- 
sideration of bulge level as the result of severe transweld 
strain concentration (Figs. 6and 7). The fracture sur- 
faces of the E6010 weldments were largely confined to 
the weld deposit and were characterized by shear at 
temperatures of —25° F. and above (Fig. 14). Frae- 
tures in the plate did not show surface shear at the 
highest temperature tested. 


Fracture Characteristics of E12016-MS and E6010- 
MS Weldments 


The transitions for the fully killed mild steel (MS) 
plate and the E12016-MS weldment (Fig. 15) were to 
all practical purposes the same (— 105° F.) as those of 
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the HTS plate and the E12016-HTS weldment. The 
performance of the E6010-MS combination, on the 
other hand, was different from that of the E6010-HTS 
combination in several respects: (1) of the 15 specimens 
tested in the range of —50 to 0° F. only one failed at 


less than 10% reduction of thickness; and (2) although 


the failures in both weldments initiated in the welds, the 


fractures in the E6010-MS weldment were transweld 
(Fig. 16). 


SUMMARY OF OBSERVATIONS 


The most important facts determined from the bal- 
anced biaxial tension tests of HTS and MS plate material 
containing double-V butt welds of varied strength and 
notch toughness may be summarized as follows: 

1. A wide range of performance was indicated by 
the various plate and weld combinations 

(a) The HTS and MS prime plates showed similar 
performance. The transition from highly ductile to 
brittle performance occurred at —105° F. 

(b) The E12016 weldments essentially equaled the 
performance of the prime plates. 
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(c) The E7016-HTS performance was inferior to 
that of the prime plate with the transition occurring 
over the range of —50 to —75° F. 

(d) The E6010-HTS performance was decidedly 
inferior to E7016-HTS performance with the transition 
occurring over the range of 0 to —75° F. 

(e) The E6010-MS performance was superior to 
E6010-HTS and approximately equal to E7016-HTS 
performance in that the transition occurred in the 
range of —50 to —75° F. 

2. The site of initial fracture was equally dis- 
tributed between weld and plate material in the case of 
the E12016 weldments. The E7016 and E6010 weld- 
ments failed initially in the weld. 

3. The path of fracture was almost exclusively in the 
plate in the case of the E12016 weldments and the 
E6010-MS weldment. In the case of the E7016-HTS 
and £6010-HTS weldments the fracture path was con- 
tained in large part in the weld deposit with secondary 
fractures radiating into the plate. 

4. Shear “lips’’ on the fracture surfaces of the HTS 
and MS plate material (indicating tendency to duc- 
tility) were not observed at the highest temperature of 
test (0 and —25° F., respectively). Fractures which 
traversed the E12016 welds showed shear lips at —75° F. 
and above. Fractures which followed or traversed the 
£7016 welds did not show shear at the highest tempera- 
ture tested (—25° F.), while the E6010 welds generally 
showed shear at —25° and above. In all cases where 
shear lips were developed, the extent increased with 
increasing temperature. 

5. Welds which overmatched the flow strength of 
the plate showed transweld strain deconcentration and 
weld relief (E12016-HTS, £12016-MS and E6010-Ms), 
while undermatching welds showed pronounced trans- 
weld strain concentration and weld sinking (E7016-HTS 
and E6010-HTS). 

6. Seattered porosity did not significantly affect the 
performance of the weldments. Observations of poros- 
ity at the site of fracture initiation were countered by 
equally numerous observations of porosity (X-ray) 
ignored in preference to radiographically sound fracture 
sites. Concentrated porosity appeared to be signifi- 
cantly harmful in producing premature failure. 


GENERAL DISCUSSION 


The relative performance characteristics of semi- 


works-seale structural tests of prime plate and weld- 
ments conducted over a range of temperature and under 
combined loads presents interesting aspects of both 
fundamental and engineering significance. Inasmuch 
as an understanding of the fundamental aspect is con- 
ducive to a proper engineering evaluation of results, 
attention is directed initially to the fundamental. 

The field of structural engineering is faced with the 
inescapable fact that performance is always specific to 
the imposed conditions. Thus, the absolute level of 
temperature indicated for the ductile to brittle transi- 


tion in the bulge test is specific to the conditions of test. 
This is analogous to the specific transition temperatures 
indicated by the various laboratory tests used to evalu- 
ate the notch toughness of structural materials. With 
the acceptance of this fact, it is obvious that a proper 
evaluation of such tests must be made in terms of rela- 
tive rather than absolute comparisons. In accordance 
with this concept a steel which has a low-temperature 
Charpy transition is accepted as being more desirable 
than one for which the transition occurs at a signifi- 
cantly higher temperature. The selection of absolute 
Charpy specimen test values for specification purposes 
requires experience gathered from the service of the 
structure in question. In this same sense transition 
characteristics indicated by the bulge test must be 
evaluated in relative terms and experience developed in 
the application of the test data. In this respect it is 
most important that the mechanics of the test, its limita- 
tions and the significance of the criteria used to evaluate 
performance be understood. 

It is inherent to the mechanics of bulge testing that as 
straining advances a flow instability condition develops 
which results in a loss of control over the stress state of 
the pole. Because of this condition proper use of bulge 
tests require that straining be limited to a range which 
ensures that the test mechanics remain fixed. In keep- 
ing with these requirements the bulge test has been 
limited conservatively to maximum thickness strains of 
10%. 

The relatively low transition temperatures shown by 
the bulges are specific to the low level of stress tri- 
axiality developed in the test. If the weld were located 
in a region of high stress concentration, such as a fillet, 
the transition temperature should be expected to be 
higher. It is important to note in this connection that 
the simplicity of the weldment permits a wide latitude 
of loading control over the entire weld region, which is 
not possible with more complex designs. Moreover, 
analyses of the stress-strain systems which result from 
the loading conditions may be made simply and with- 
out recourse to complicated and uncertain calculations. 
Because of these features the effects of variables such as 
joint preparation, welding procedure, presence of flaws, 
ete., may be assessed directly and with a minimum of 
interpretation. 

Perhaps the most evident fact to be noted from these 
initial tests is that the performance of the two strue- 
tural pearlitic steels investigated was controlled by the 
weld deposits rather than by the weld heat-affected zone 
(HAZ). The presence of a “brittle’’ HAZ has long 
been considered one of the primary causes of failure in 
pearlitic structural steel weldments. If the controlling 
influence of the weld is accepted, it is important to 
assess the characteristics of the weld which are of pri- 
mary importance to the performance of the weldment. 
The relationship between fracture transitions of the 
bulge and the flow strength and notch toughness of the 
weld deposits provide definite clues in this respect. 

Conventional evaluation of the notch toughness of 
the plates (15 ft.-lb. at approximately 0° F.) and the 
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E12016 weld deposit (15 ft.-lb. at —100° F.) indicates 
that brittle fracture should initiate more readily in the 
plate. It was noted, however, that in the bulge tests 
the transition to essentially complete brittleness (here- 
after referred to as ductility transition) occurred at the 
same temperature for both the prime plates and the 
£12016 weldments. Furthermore, the site of initial 
fracture in the £12016 weldment occurred with equal 
preference in either plate or weld metal. Apparently, 
notch-bend transition tests cannot be used to indicate 
performance of unnotched material when cast weld 
metal and wrought material are compared. This limi- 
tation is not unexpected if consideration is given to the 
fact that the Charpy specimen imposes equivalent test 
conditions on the weld and plate material; i.e., both are 
tested in the presence of the same notch. In the case 
of the bulge tests, on the other hand, mechanical notches 
are not present by virtue of ground-polished surfaces; 
however, submicroscopic faults or “flaws” which may 
be expected to exist in the cast weld metals provide 
inherent notch conditions not found in the rolled 
material. The cast weld metal therefore suffers a net 
disadvantage and must have a premium of notch tough- 
ness to equal the performance of the rolled plate. 

The relative performance of the E6010 and E7016- 
HTS weldments further substantiates this view. The 
weld deposits showed 15 ft.-lb. transitions which were 
superior to the plate material but inferior to the E12016 
weld deposit. The ductility transitions for these weld- 
ments occurred at a higher temperature than those of 
the plate and £12016 weldment. Furthermore, the site 
of initial failure occurred only in the welds, represent- 
ing a significantly different behavior from that shown 
by the weldment containing the more notch tough 
E12016 weld.* It may be concluded from the above 
considerations that a moderate premium of weld notch 
toughness is not sufficient to approach prime plate frac- 
ture properties—the premium must be very great, as 
indicated by the 100° F. difference in the 15 ft.-lb. 
transitions of the plate and £12016 weld 

The level of notch toughness required by welds in 
order to approach prime plate performance depends on 
the test conditions which are mutually imposed on the 
weld and plate. In this respect it should be recognized 
that the idealized conditions of stress similitude for weld 
and plate employed in the bulge tests do not represent 
general conditions of service for both weld and plate. 
To the contrary, welds are generally subjected to much 
more severe stress conditions than the plate members 
of a structure by virtue of their location at points of high 
restraint, the chance occurrence of gross flaws, the uni- 
versal presence of weld ripples, ete. Accordingly, 
quantitative evaluations of notch toughness require- 


* As further evidence of the function of the weld metal in controlling the 
performance of weldments, reference is made to a single-pass, submerged-arc 
weld used in the previous report on strain studies This weld featured high 
flow strength and low notch toughness (15 ft.-lb. at + 170° F.) representing 
a type ordinarily used for surfacing operations rather than for joining. The 
notch toughness of the plate was comparable to that of the HTS and MS 
plates of the present report Brittle transweld fractures initiated in the 
weld at temperatures as high as 180° F. but did not propagate in the base 
metal at this temperature 
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ments for equality of performance have limited prac- 
tical significance. The relative order of performance 
shown by the various welds is, however, of considerable 
practical significance, for this provides a direct assess- 
ment of what may be expected of various types of welds 
performing under similar conditions of service. The 
relative temperature level at which a ductility transi- 
tion is developed corresponds to service conditions 
entailing high triaxiality—the lower the temperature of 
ductility transition the more severe the conditions of 
triaxiality which the weld may be expected to endure. 
At temperatures above the ductility transition, plastic 
strain precedes fracture which corresponds to the strain- 
ing permitted before fracture under stress conditions of 
lower triaxiality. This analysis is consistent with the 
generally accepted view of the significance of transition 
temperature tests. In all such tests the extent of the 
strain required to develop fracture depends on the 
temperature of test. A Charpy bar, for example, with- 
stands considerable general strain at temperatures above 
the ductility transition, while below the ductility transi- 
tion the general strain accepted prior to fracture is ex- 
ceedingly small. In the neighborhood of the ductility 
transition temperature, scatter is encountered with 
intermixed high and low values of strain appearing, as 
is normal for tests which are carried through the due- 
tility transition range. 

Inasmuch as the flow strength of the weld determines 
the relative amount of straining which occurs in the weld 
for any given level of general strain of the weldment, it 
follows that the performance of the weld should be 
influenced by its flow strength. In this respect, the 
distinction between absolute values of flow strength of 
the weld and the relative flow strength (matching) of 
weld and base metal should be recognized as a prerequi- 
site to the proper interpretation and application of 
bulge test results. In the case of service entailing elastic 
loading of the structure, except for welds located at 
points of discontinuity such as corners, relative flow 
strengths should not be expected to influence the per- 
formance of the weld. The absolute level of flow 
strength, however, should contribute to performance 
inasmuch as higher loads may be endured prior to 
reaching fracture strains. 
structures fulfill this condition. Conversely, in the 
case of service which requires that the structure be 
capable of enduring extensive deformation (collision, 
explosion against ship hulls, ete.) the relative flow 
strengths of weld and base metal become important 
factors. For such service a given weld in overmatching 
combination should permit more extensive deformation 
of the structure, with consequent greater absorption of 
energy prior to reaching the fracture strain of the weld, 
than if in undermatching combination. Inasmuch as 
explosion bulge tests conducted at temperatures above 
the ductility transition are representative of service 
conditions entailing general deformation, caution should 
be exercised in assessing the resultant contribution of 
matching to service not entailing general deformation. 

The following analysis of the significance of the rela- 


Performance of Weldments 509-8 


A wide variety of serviced 


} 
P 


tive performance shown by the E6010-HTS and 
£6010-MS weldments provides an example of the inter- 
pretations which are required. Comparison of these 
two weldments on a ductility transition basis shows 
similar performance since fracture at lowest measurable 
strains were developed at or below —75° F. in both 
eases. Inasmuch as at the ductility transition tem- 
perature failure occurs essentially under elastic loading, 
plate flow strength effects are not developed. Accord- 
ingly, the relative flow strengths of weld and plate do 
not influence performance. On the other hand, distinct 
differences in the performance of these two welds (as 
indicated by the different levels of strain which were 
required to produce fracture) were developed at tem- 
peratures above the ductility transition range. The 
fact that failures at levels of weldment strain of less 
than 10% are developed at 0 and —25° F. when in 
undermatching combination as compared to failures 
considerably above 10°) when in overmatching com- 
bination may be rationalized by consideration of the 
relative strain levels accepted by the weld and plate. 
As indicated by the strain data, undermatching results 
in advance straining of the weld relative to the plate 
conversely, overmatching results in a lag of weld strain. 
Thus, at any given level of plate strain (such as the 10% 
limiting strain), the weld is strained more than 10°% if 
undermatching and less than 10% if overmatching. 
The difference in performance of these two weldments 
therefore specifically represents an effect due to match- 
ing which is of significance only for service entailing 
general deformation. 

The contribution of the absolute flow strength of the 
welds to performance is indicated by the increased 
rigidity of weldments containing the high flow strength 
weld. The general strain level developed by the force 
of a single explosion provides the necessary data. The 
restraining effect of the weld was shown to be propor- 
tional to its absolute level of flow strength. From this 
it is deduced that an increase in load bearing capacity 
results from the presence of high flow strength welds. 
This contribution should be expected to be general to 
both types of service discussed previously. 

From these considerations it appears that for applica- 
bility to general conditions of service, bulge tests should 
be conducted over a sufficiently wide range of tempera- 
ture to encompass the ductility transition range and in 
sufficiently narrow temperature steps to establish this 
range. Significance with respect to service entailing 
only elastic loads in regions outside the weld must be 
looked for primarily in the ductility transition charac- 
teristics shown by the bulges. Significance with respect 
to service entailing general deformation of the structure 
requires consideration of the strain level required to 
produce fracture at temperatures above the ductility 
transition and from the energy required to develop 
fracture strains. 


It cannot be overemphasized that the explosion bulge 
test results are specific to fracture initiation, with very 
low temperatures of test used to develop brittle behavior 


in the absence of high stress triaxiality. Accordingly, 
the extremely brittle fractures developed in the plate 
subsequent to weld failure at these low temperatures of 
test are not significant to weld performance. For ex- 
ample, the better the quality of the weld the lower is 
the temperature required to initiate its fracture. Since 
the plate will break up more extensively at lower 
temperatures, the plate performance will vary inversely 
with the performance of the weld. It does not follow 
that for a given temperature of service fracture of the 
better weld will result in more extensive failure of the 
structure. For this reason it is not realistic to consider 
the extent and brittleness of fracture shown by the plate 
as having significance to weld performance. 


The path of fracture shown by the various weldments 
provide significant information of general applicability 
inasmuch as rigorous relationships to the stress-strain 
state developed in the weld zone are indicated. It has 
been pointed out that in the case of undermatching 
welds the path of fracture followed the weld deposit 
itself; whereas in the case of overmatching welds, the 
fracture path was in the transweld direction. This 
difference may be explained by the strain unbalance de- 
veloped as the result of mismatching weld and base 
metal flow strengths. In the case of undermatching, a 
strain unbalance is developed such that the principal 
strain is transweld; in the case of overmatching the 
principal strain is longitudinal to the weld joint. Inas- 
much as fractures develop at 90° to the direction of the 
principal strain (the principal stress is always in the 
direction of the principal strain), fractures in overmatch- 
ing welds initiate and propagate in a transweld direc- 
tion and those in undermatching welds, in and along 
the weld. Another explanation for the refusal of the 
fracture to propagate in or along the overmatching 
welds might be the greater notch toughness of the weld 
metal but such explanation would not account for the 
extensive weld-longitudinal fractures that occurred in 
undermatching E6010 and E7016 deposits in spite of 
their greater notch toughness. 


Certain applications of principle distinct from frac- 
ture consideration and entailing dimensional stability 
have also been indicated by the bulge tests. It has 
been shown that plastic deformation is considerably re- 
tarded by overmatching, not only in the weld deposit 
but in the weldment as a whole; e.g., the 90°) over- 
match of the £12016 deposit in mild steel nearly halved 
the general strain level developed in the case of a 15% 
overmatch (E6010 in mild steel). This suggests the 
use of high-strength welds as stiffening elements in 
continuous frame construction. For example, welds of 
high flow strength may be used in the reinforcement of 
frame knee-components to more nearly develop full con- 
tinuity at the corners, i.e., to delay development of a 
plastic hinge at the corners and thereby increase the 
useful load capacity of the frame. Such welds may also 
be used to supplement the action of face-bar, insert- 
plate, or doubler-plate reinforcement of openings in 
structural steel members and at the same time help 
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reduce the points of maximum strain concentration at 
the reinforcement. 

It may be concluded from the results of this investiga- 
tion that the bulge test has considerable basic research 
value in addition to its potentialities as an empirical 
test tool. Inasmuch as the real need in the welding 
field is for a basic understanding of the factors which 
determine weld performance, initial use of the test has 
been aimed at basic research. If an understanding of 
the factors which control the performance of this simple 
structure is evolved, the result will be not only an under- 
standing of the significance of the test but, what is far 
more important, an understanding of factors which 
control the performance of structures generally. 
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orrosion Data of Welded Low-Carbon 


» Nitric acid corrosion data of welded Type 304 L 
and the stabilized grades of 18 Cr-8 Ni alloys 


by H. F. Ebling and M. A. Scheil 


Abstract 


Corrosion resistance of welded, heat-treated alloys and weld 
deposits of the unstabilized low-carbon Type 304 (18-8) were 
determined and compared to the stabilized grades of 18 Cr-8 Ni 
allovs containing Cb, Cb-Ta or Ti. Corrosion resistance was 
based on the standard boiling nitrie acid test. The low-carbon 
Type 304 alloy suitable for lining process chemical equipment 
was found to be equal or better in corrosion resistance than the 
stabilized grades of 18-8 allovs after normal fabricating heat 
treatments and for use where service temperatures do not exceed 
800° F. The ‘ow-carbon Type 308 weld deposit was found to 
have good corrosion resistance except after low temperature 
stress reliefs of the as-welded condition Exposure for 1000 
hr. at 900 or 1000° F. generally resulted in poor corrosion charac- 
teristies, over 51 mils per year in boiling nitric acid, 


INTRODUCTION 


HE international situation and present government 
restrictions on the use of columbium have initiated 
a search for an austenitic alloy to supplant A.LS.1. 
Type 347. In 1950 an article by Tyrrell' was pub- 
lished in which the use of A.LS.I. Type 321 was en- 
couraged as a substitute for Type 347. Tyrrell’s 
recommendation was based on the experience gained 
in manufacture of aircraft components. In a later 
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article, Metal Progress? carried a discussion of Tyrrell’ 
article which summarized the British and American 
experiences with stabilized stainless steels 

Metallurgists in the aircraft industries generally 
agree with Tyrrell, however some of those in the chemis 
cal industry and those engaged in the manufacturing 
of corrosion-resisting equipment are hesitant to maké 
the substitution. In the discussion there were several 
references to low-carbon types (0.039% C max.) of 
stainless steels which were offered as a substitute for 
the stabilized grades. The low-carbon Type 304* and 
316 grades have been commercially manufactured for 
several years but their potentialities as a substitute 
for the stabilized grades are being overlooked by many 
industries. 

A number of technical papers have been written of 
the low-carbon grades of stainless steel.?~7 Some of 
these compare the corrosion resistance of these steel§ 
with the stabilized grades in various laboratory corros 
sion media and after a variety of heat treatments 
encountered in fabricating equipment 

The information derived from these papers indicates 
that the low-carbon grade of alloys should not be sub- 
stituted for the stabilized types where the service 
temperature exceeded 800° F. The important fact not 
emphasized is that the low-carbon grades of alloy could 
be substituted for the stabilized types where service 


temperatures do not exceed 800° F. Large quantities 


* Hereafter referred to as Type 304 L—A.L.8.1. designation 
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of corrosion-resisting equipment have in the past and Q eiaelt 
are presently fabricated with stabilized grades of alloys & = 
in applications: in which the service temperature does = : 
not exceed 800° F. It is in this type of equipment that eb 3 
the low-carbon grades of the alloys could be used. The + =cx< e 
reasons for the use of the stabilized grades of stainless S 
steel on these applications is mainly for the ease of & e 
fabrication and the reluctance of users to change estab- = 
lished specifications and procedures. 
The A. O. Smith Corp. is a pioneer in using 0.03% € . ghegeenen 
max. Type 316, and has fabricated a large number of 5 SSs8SSsEsE 
lined vesselst which are in use in the oil, paper and ecocooesco 
chemical industries where the stainless alloys are in 
service. By careful preplanning it was possible to re- = -::::--88 
tain good corrosion resistance on these alloys through- — 
out the fabrieation of these vessels. This corrosion - 
resistance is determined by the standard nitric acid = Bas 
test.t The alloy material is specified and purchased to Sieh: « 
laboratory corrosion tests and upon acceptance is fur- s — — 
ther subjected to quality control tests simulating fabri- “i bd - 4 
cation treatments. The specimens prepared for the S| 2 
quality control laboratory tests represent the alloys in = 2 +\"s 
the final fabricated condition of the equipment which = -gere 
includes the welding and all of the thermal treatments. ; coce oN 
With the large amount of corrosion work being done 3 » » 
in the quality control of the manufactured equipment, 
there has not been any tests in which material of 0.030 
C maximum was sensitized by welding. The low- = 
carbon Type 316 shows lower corrosion resistance to $ sBSESSSR2SS Sa A 
the nitrie acid test after some low-temperature stress = 
relief treatments.* The lowered corrosion resistance is = 
not demonstrated by the 1:8 acidified copper sulphate 2 i x # 
test under similar conditions of heat treatments. The 1 oienmmine Be & 
difference in the corrosion results by the two tests is 2 Ssssssé 38 8 
generally based on the premise that the acidified copper 2 Pew or vo 
sulphate test would reveal sensitization due to precipi- : ae ane 
tated carbides only, while the nitric acid test would a aa é 
reveal sensitization due to sigma phase as well as the Ssseses 2 fs 
-arbides. soe 
This brings up the question of the adequacy of any Ed 
aboratory corrosion test used to evaluate stainless 
lloys. The obvious answer to this question is to apply ¢ = 
he one which is most sensitive to structural changes cocccssss oc So SC 2 
nd which can cause corrosion differences in the ma- = 
The primary importance of a laboratory corrosion 
‘st is to detect differences in corrosion resistance of the 
urchased stainless steels and to reveal changes in the ste = 
‘orrosion resistance between the purchased material E z 3 2 
and the condition which the material attains in the final 
product. It is to be noted that the laboratory corrosion 3 
test has no direct relationship to the corrosion problem ae E 
under service conditions except where this has been 7 ¢& 5 
* Low-temperature stress relieving treatments refer to thermal stress B 3.3 = 
carbon steel plates of any thickness. The plates are then fabricated into RRSSSABRRETS oe id * 
T.M. Tentative Recommended Practice for Boiling Nitric Acid Et Es Es Et & = & 
Test for Corrosion-Resisting Steels (A262-44T), 1949 Standards, Part 1, p. > 
874 
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Table 2—Test Specimen Identification 


Group A.L.S8.1. Type 304 L Material 
Test I Heat 613 Welded with low-carbon Type 308 elec- 
trode 
Test Il Heat 614 Welded with low-carbon Type 308 elec- 
trode 
Test III Heat 614 Welded with type 347 electrode 
Group A.LS.I. Type 347 Material 
Test I Heat 495 Welded with Type 347 electrode 
Test IT Heat 585 Welded with Type 347 electrode 
Group C Type 347 Ta 
Test I Heat 493 Welded with Type 347 electrode 
Test Il Heat 493 Welded with low-carbon Type 308 elec- 
trode 
Test III Heat 615 Welded with Type 347 electrode 
Test IV Heat 615 Welded with Type 347 Ta electrode 
Group D_ A.LS.1. Type 321 
Test I Heat 724 Welded with Type 347 
Test Il Heat 344 Welded with Type 347 
Test IIL Heat 345 Welded with Type 347 


studied and definite correlation established. This is 
an entirely different phase of corrosion work involving 
the selection of suitable corrosion-resisting materials for 
the particular service. Similar convictions were held 
by Messrs. Brown, DeLong and Myers.* 

With this understanding of the laboratory nitric acid 
corrosion test, we have tested and compared specimens 
of the unstabilized Type 304 L with three stabilized 
alloys: A.I.S.I. Type 347, Type 347 Ta and A.LS.I. 
Type 321. 


EXPERIMENTAL PROCEDURE 


A large portion of the corrosion-resisting equipment 
manufactured by the A. O. Smith Corp. consists of 
alloy-lined vessels, and the materials from commercial 
heats available for the following tests were necessarily 
confined to sheets under 0.125 in. thick. Accordingly 
the results of our tests are valid for materials of approxi- 
mately the same thickness. The analyses of the 
materials used are shown in Table 1. 

The as-received materials, mill annealed and pickled, 
were welded using */;,-in. diameter electrodes and are 
listed in Table 2. The welds were made on the rolled 
surface of the alloys. Each weld consisted of three 
beads as shown in Fig. 1. The first bead was made 
slightly off the center line of the specimens. The 
second bead was made parallel to the first with approxi- 
mately '/, in. of stock between the two beads. The 
third bead then was made between and slightly over- 
lapping the first two beads. The welded specimen, as 
described, possesses heat-affected zones in the weld de- 
posit as well as in the stock. 

The estimated dilution of weld deposits made in this 


Bead #3 


Fig. 1 Preparation of welded specimen 
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manner is as follows: Weld beads No. 1 and No. 2 are 
composed of about 45% of base stock and 55% of elec- 
trode material. Weld bead No. 3 is composed of about 
15% of base stock, 30% of beads No. 1 and No. 2 and 
55% of electrode materials. The composition of the 
third bead may vary radically depending upon the ex- 
tent of overlapping with the first two beads. 

Corrosion specimens from the plates were prepared by 
grinding off the weld reinforcement, the portion above 
the surface of the stock, and cutting to sections about 
1 x 3 in. with the weld located at the center of the 3-in. 
length. Each specimen was given its particular heat 
treatment and prepared for corrosion testing in nitric 
acid. The heat-treated conditions and the nitric acid 
corrosion data are recorded in Tables 3 to 7. These 
heat treatments simulate fabricating conditions which 
may be found on a */, to 1-in. thick vessel stress re- 
lieved according to A.S.M.E. code requirements (Un- 
fired Pressure Vessels 1950 Code—UW-40) with some 
parts having such prior conditions as (1) welded only, 
(2) hot formed—1600—1650° F.—2 hr. air cooled and 
(3) hot spun and annealed. 


DISCUSSION OF TEST RESULTS 

It is apparent that the corrosion rate based on weight 
loss for our specimen does not evaluate differences in the 
corrosion found on a welded sample. In order to more 
fully describe the corrosion characteristics of the welded 
specimen it was necessary to observe and estimate the 
corrosion rates of the stock, weld beads and heate 
affected zone independently. The following system wag 
devised for describing the corrosion results. 


Corrosion Ratings 


Stock and weld deposit: 
Excellent Estimated corrosion rate below 10 mils* pene 

tration per year. 
B—Good Estimated corrosion rate between 11 to 25 mile 

penetration per vear 

C—Fair. Estimated corrosion rate between 26 to 50 mils peng 

tration per year 
D—Poor. Estimated corrosion over 51 mils penetration per 


year 
Heat-affected zone of stock:t 
(a) No attack 
(b) Slight attack. 
(c) Definite attack 
(d) Badly attacked. 


* One mil = 0.001 in. 

+ The tested materials do not have the type of attack associated 
with the unstabilized 0.10% C max. grades. Some heats of 
stabilized materials are susceptible to what we describe ag 
“knifeline” attack. This attack occurs in a relatively narrow 
zone immediately adjacent to the weld deposit. An example of 
knifeline attack is shown in Fig. 7 


Type 304 L material is not adversely affected by heat 
treatments which may be encountered by normal 
fabricating procedures on lined structures up to 1 in. 
thick. The material does not sensitize by welding nor 
does it exhibit a knifeline attack after Code stress- 
relieving treatments. It does lose its corrosion resist- 
ance when heated above 800° F. for long periods of 
time (1000 hr.). This limits this material to applica- 
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tions in which the service temperature is less than 800° Low-carbon weld deposits of Type 308 made in 
F., where corrosion is an important factor. A.LS.I. Type 304 L material is adversely affected by 
low-temperature stress reliefs (1000-1100° F.) given to 
Table 3—Heat Treated Conditions the as-welded specimens. The 1000° F. treatment for 
Condition Heat treatment 6 hr. resulted in the poorest condition tested. Good 
As-welded : improvement was made by increasing the stress-re- 
ome. lieving temperature to 1200° F. for 1 hr. Stabilizing 

. furnace cooled * at 1600-—1650° F. for 2 hr. or full annealing the weld de- 

ele, posits before stress relieving at temperatures between 

Condition 5 plus 1000° F. 6 hr. air cooled* 1000-1201° F. substantially improves the corrosion 

Condition § blue a resistance of the weld deposit. The long time test, 

1950° F. '/, hr. heated and cooled between 1000° F. for 1000 hr., appears to effect a stabilizing or 

self-healing action on the weld deposit. The same de- 
Condition 9 plus 1100° F. 2 hr. furnace cooled* posit which exhibited very poor corrosion resistance 

o-_ Lay agen im i he. furnace cooled® after 6 hr. at 1000° F. was rated as having good corro- 

900° F. 1000 hr. air cooled sion resistance after 1000 hr. at 1000° F. At 900° F. 

1600" F. 1000 hr. air cooled for 1000 hr. only one of the deposits exhibited this 


immunity. At 800° F. for 1000 hr. the corrosion 


* Cooled in furnace to below 1000° F. then air cooled. Time 


for furnace cooling was 35 to 45 min. resistance of this weld deposit was not impaired. 


Table 4—Nitric Acid Corrosion Data, Group A, Type 304 L Material 
(Corrosion rates are expressed in mils penetration per year. Average of five periods) 


Test I. Heat 613 welded with Test IT. Heat 614 welded with Test 11. Heat 614 welded with 
—low-carbon type 308 electroles— —low-carbon Type 308 electrodes — — standard Type 347 electrodes— 
Corrosion ——Ratings —— Corrosion ——Ratings—— Corrosion ——Ratings 
Condition Stock Weld rale Stock Weld } Stock Weld 
A. As 
x B, 


> 


eee ee ee 
eee 


Dorr 


* Corrosion rate of 2nd period. 
t Corrosion rate of 3rd_ period. 


Table 5—Nitriec Acid Corrosion Data, Group B, Type 347 Material 
(Corrosion rates are expressed in mils penetration per year. Average of five periods) 
Test I. Heat 495 welded with Type 347 Test II. Heat 585 welded with Type 34? 
— ~ electrodes 


Cancesion Rating Corrosion - Rating 
Condition rate Ss rate stock Weld 


~~ 


* Corrosion rate of 3rd period, 
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3 17 B 
a 4 10 B 
5 9 A 
6 
7 10 
5 8 10 

9 6 
10 9 
i 11 24 
12 
= 13 10 
14 1050* Cc 208 dD, D 112 
15 1720* B o12t B 
J 8 A. A 8 A, A 
18 B, Cc 25 As Cc 
27 B. D 13 Ay, B 
36 Ca 15 B. B 

4 
l 
140° D D 132 Da 
15 854* Dy 404* Dy 


The test results of the Type 347 material showed that 
the stock was somewhat affected by the stress-relieving 
temperatures of 1100 and 1200° F. In the same range 
the stock is subject to knifeline attack adjacent to the 
weld deposit. 

After welding, stabilizing at 1600-1650° F. for 2 hr. 
before stress relieving at 1100 or 1200° F. substantially 
improves the corrosion resistance of the material. This 
treatment also eliminates all the traces of knifeline 
attack adjacent to the weld as found on the as-welded 
and stress-relieved specimens. Heating to 1950° F. 
and cooling equivalent to a */,-in. thick plate, before 
stress relieving at 1100 or 1200° F. also improved the 
corrosion resistance of the material. This treatment 
also eliminated the knifeline attack on the subsequently 
stress-relieved specimens. The long time tests at 900 
and 1000° F., 1000 hr., produced very poor corrosion 


resistance. It was expected that Type 347 material 
would have a much better resistance to the test after 
the long time exposures to 900 and 1000° F. because 
this alloy was specifically developed to operate in this 
temperature range. Another point of interest on these 
specimens was the preferential attack adjacent to the 
weld deposit which was exceptionally severe and nearly 
resembling a typical example of unstabilized material 
sensitized by welding. 

The Type 347 weld deposit made in Type 347 ma- 
terial is adversely affected by the low-temperature 
stress reliefs of 1000—-1200° F. Stabilizing or annealing 
prior to the low-temperature stress relieving substan- 
tially improves the corrosion resistance of the deposits. 
The long time tests at 900 and 1000° F. resulted in 
poor corrosion resistance similar to the wrought stock. 

The Type 347 Ta material generally appears to be 


Table 6—Nitric Acid Corrosion Data, Group C, Type 347 Ta Material 


(Corrosion rates are expressed,in mils penetration per year. Average of five periods) 


Test I. Heat 493 welded 
—with Type 347 electrodes— 


Test IT. Heat 493 welded 


with low-carbon 308 electrodes 


Test IV. Heat 615 welded 
with Type 347 Ta electrodes 


Test IIT. Heat 615 welded 
—with Type 347 electrodes— 


Corro- Corro- Corro- Corro- 
sion —-Rating— sion —-Rating— sion ——Rating- sion —Rating- 
Corrosion rate Stock Weld rate Stock Weld rale Stock Weld rate Stock Weld 
1 16 B, A 9 A, A 10 As A il A. A 
2 20 B, B 13 B, A 16 B, A 13 B, A 
3 16 B, B 24 B, B 21 B, B 23 B, B 
4 22 B, B 66 B, D 31 B, Cc 48 B, Cc 
5 12 B. A 12 B, A 17 B, B 14 B, A 
6 14 By A 33 B, Cc 13 B, B 
7 10 A, A 18 B, A 16 B, B 
S 15 B, A 18 B, A 16 B, B 
9 10 As A 11 As A 13 B, A 
10 16 B, A 12 B, A 
11 19 B, A 15 B, A 
12 14 B, A 16 B, A 
13 11 B, A 12 B, A 15 B, A 
14 142* Ca D 123* Ca dD 94 Cc, D 
15 282+ C4 D Ca D 308* Cs D 


* Corrosion rate of 2nd period. 
Corrosion rate of 3rd period. 


Table 7—Nitric Acid Corrosion Data, Group D, Type 321 Material 


(Corrosion rates are expressed in mils penetration per year. 


Heat 344* welded with 


T ype 347 electrodes . 


Test I. Heat 724 welded with 
Type 347 electrodes 


Corrosion ——Rating Corrosion 
Condition rale Stock Weld rate 
13 A 
2 14 B. A ia 
3 77 Da B 79 
1 278t Da B 94t 
5 14 B, A 22§ 
6 
9 
10 
1! 
12 
13 
14 256+ 
15 112t 


Test Il 


Average of five periods) 


Test IIT. Heat 345* welded with 
Type 347 electrodes 


Rating - Cerrosion Rating 
Stock Weld rate Stock Weld 
A, - A 7 A, A 
Ba D 33 
Ba D 34t Bu Cc 
B, B 33§ Ch B 
Dy D 231f Da D 
Ca D 251t Ca D 


* This material was given a 2100° F., '/, hr. air cooled plus a 1700° F. for 4-hr. air cooled before welding. 


+ Corrosion rate of 2nd period. 
t Heated at 1200° F. for 2 hr. 
§ Cooled 100° F./hr. from 1625° F. 
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better than the Type 347 material. Attention should was immune, heat 493 was subject to knifeline attack 
be called to the analysis of these materials. In the after 1000 hr. at 900 and 1000° F. Both heats of 347 
two heats tested, the columbium content alone was Ta showed better resistance than Type 347 after these 
sufficient to fully stabilize the material. In addition to long time heat treatments. 

the columbium content, tantalum was present in the The interchangeability of columbium and tantalum 
ratio of about '/2 of the columbium content. The high has been studied: Binder’ presented a thorough study 
ratio of the stabilizing elements to carbon content of wrought materials and Thomas” made a study on 
eliminated the susceptibility to knifeline attack after electrode deposits. 

the fabrication heat treatments. Whereas heat 615 A few tests of the Type 347 Ta electrode deposit 


a d e 
Fig. 2 Appearance of corrosion specimens after the nitric acid test. Specimens stress relieved at 1000° F., 6 hr. air cooled 


(a) Ty 304 L, Weld ELC Type 308. (6b) Type 304 L. Weld Ty 347. (c) Type 347, Weld Type 347. (d) Type 347 Ta, Weid Type 347. (e) 
Type 47 Fa, Weld ELC Type 308. (f) Type 347 “Pa. Weld Type 347 Ta. (g) Type 321, Weld Type 347 


a d 
Fig. 3) Appearance of corrosion specimens after the nitric acid test. Specimens stress relieved at 1100° F., 2 hr. furnace 
cooled 


(a) Type 304 L, Weld ELC Type ae (b) Type 304 L, Weld Type » 347. i r*t. Weld Type 347. (d) Type 347 Ta, Weld Type 347. (e) 


Type 347 Ta, Weld ELC Type 308. (f) Type 347 Weld Type 347 Ts a. (#) 1, Weld Type 347 


a ce e 
Fig. 4 Appearance of corrosion specimens after the nitric acid test. Specimens stress relieved at 1200° F., 1 hr. furnace 
cool 


(e) T 2 See L, Weld ELC Type 308. (b) 304 L. Weld Type 347. (c) T: 347, Weld L tee 347. (d) T. 347 Ta, Weld Type 347. (e) 
347 Wek id ELC Type 308. (f) Type a, Type 347 Ta. Type 321, eld Type 34 
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was explored only in five different 
heat treatments rather than the fifteen 
made on most of the other heats. This 


heat in general showed poorer cor- 
rosion resistance than any of the other 
materials tested, especially inasmuch 


as the material developed a_ sensi- 
tized heat-affected zone due to weld- 
ing. In addition to the one heat of 
commercial Type 321 material we have 
added to this data the results of two 
experimental heats which were rolled 


Fig. 5 Appearance of corrosion specimens after the nitric acid test. Speci- '0 '/<-in. thick strip. Heat No, 345 
mens held at 900° F. for 1000 hr. was made as a regular heat while heat 


Waa No. 344 was made keeping the alumi- 
num content ataminimum. A special 
heat treatment was given to these two 
heats instead of the usual full anneal. 
They were annealed at 2100° F. for '/s 
hr., air cooled, then stabilized at 1700° 
F. for 4 hr. and air cooled. 
This prior heat treatment did im- 
prove the corrosion resistance of these 


heats compared to the results ob- 
tained on the one commercial heat; 
however the disadvantage apparent 
in both of these heats was again the 
sensitization due to welding. Speci- 


a b e d ° 
Fig. 6 Appearance of corrosion specimens after the nitric acid test. Speci- mens exposed for 1000 hr. at 900 and 
mens held at 1000° F. for 1000 hr. 1000° F. showed only fair corrosion 


(a) Type 304 L, Weld ELC Type 308. (b) Type 304 L, Weld Type 


347. (c) Type 347, Weld > ‘ are 
Type 347. Wd) Type 347 Ta, Weld Type 347. (2) Type 347 Ta, Weld ELC Type 308 resistance of the unaffected parent 


LC Type 


metal after two periods in the nitric 


Bye. a acid. On these specimens both the weld and heat-af- 
Bi i a fected zones showed very poor corrosion resistance, 

The effectiveness of columbium, columbium-tantalum 
and titanium to prevent sensitization due to carbide 


precipitation was investigated by Messrs. Rosenberg 
and Darr.* Using the acidified copper sulphate test ta 
determine the degree of immunity, and sensitizing speci- 
mens for 2, 8 and 21 days at 1020° F., they reported 
that if the ratio of stabilizing elements to carbon wag 
sufficiently high, complete immunity was obtained, 


Ratios of columbium to carbon of twelve and of titaniung y 
to carbon of eight were required for “a more foolproof 5 
immunity.” It is believed that a similar investigation q 


should be carried out using the nitric acid test and 


welded specimens. This would establish a ratio neces 
sary to prevent the knifeline attack found on welded 


specimens of a large number of stabilized heats of alloy, 


ec RE The trend was shown that a ratio of Cb/C of 11 was not 


Fig. 7 Examples of knifeline attack, in boiling nitric acid sufficient to eliminate knifeline attack after some of the 
o@ stabilized 18-6 alleys low-temperature stress reliefs or the long time sensitizing 
(Top) Type 347. Welded and st lieved at 1200° F. (Be 
Type bal. Weided and stress relicved at 1100° F. es treatments. The ratio of (Cb + '/sTa)/C of 14 was 


sufficient to eliminate the knifeline attack after the 


shows that there was very little difference in corrosion 
resistance between this deposit and the Type 347 de- 


low-temperature stress reliefs but not on the long time 


sensitizing treatments. A ratio of Ti/C of 11 was 
insufficient to prevent this type of attack in both the 


posits in the heat treatments explored. 

Since very little Type 321 stainless alloy has been 
specified for our lined equipment only one commercial low-temperature stress reliefs or the long time sensitizing 
This particular heat treatments. 


heat was available for testing. 
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Table 8—Summary of Nitric Acid Corrosion Data 


Type 304 L 
low-carbon type 
308 weld 
rating*— 


Type 304 L with 
Type 347 weld 


— Rating— —Ap. rating* 


Condition Stock Weld Stock Weld Stock Veld 
l A. A Ay A As A 
2 B*, D A, A B*, Cc 
3 A, B Cc 
4 B*, B As B C*,* C* 
5 As A A, A As A 
6 As B As A Ay B* 
7 A, B As A As Bt 
8 Ay B A, A B*, B 
9 A. A As A As A 

10 A, A Ay A As A 
11 B, B A, A B*, A 
12 A. A A, A Ae A 
13 A, A A, A A, B* 
14 dD, D dD, D Da D 
15 D, Bt dD, Dt Da D 


Type 347 with 
Type 34? weld 


Type 321 with 
Type 347 


Type 347 Ta 
with Type 


Type 347 Ta 


Type 347 Ta 
with low-carbon 


with Type 347 


weld Type 308 weld 347 Ta weld weld 
rating*— —Rating—~ —Rating— —Rating— 
Stock Weld Stock Weld Stock Weld Stock Weld 
B*, A As A A, A By A 
B, B* B, A B, A B. A 
. B By B, B Da B 
c* By D B, Cc Dg Bt 
B* B, A B, A By A 
B, Bt B, Cc 
Br B, A 
B, Bt B, A 
B*. A As A 
B, A B, A 
B, A By A 
B, A B, A 
B, A By A 
Ct Dt Ca Dt 
Ct Dt Ca D 


* Average rating of two heats tested. 
t Due to high corrosion rates, test was run less than 5 periods. 
t One heat showed bad knifeline attack; one did not. 


SUMMARY AND CONCLUSIONS 


Table 8 summarizes the nitric acid corrosion ratings 
on all the materials tested. From this tabulation it is 
readily seen that the Type 304 L is superior in corrosion 
resistance to nitric acid in all the heat treated condi- 
tions except the long time sensitization treatments at 
900 and 1000° F. Welding this material with low- 
carbon Type 308 or Type 347 electrodes does not sensi- 
tize any portion of the heat-affected zone. 

The low-carbon type 308 deposit is inferior to the 

Type 347 deposit in corrosion resistance but it has very 
good possibilities in stabilizing itself at low tempera- 
tures of 1000 to 1200° F. and thus becoming consider- 
ably better than the Type 347 deposit for high tempera- 
ture service. It is suspected that a stabilizing heat 
treatment prior to the low-temperature sensitizing 
treatments may be very effective in reducing the corro- 
sion rates in the nitric acid test. A corrosion testing 
program is in progress to determine the effectiveness of 
a number of stabilizing heat treatments prior to long 
time exposures at 900 and 1000° F. 
P The best set of specimens were of the Type 304 L 
welded with Type 347 electrodes. This combination 
was rated the best for all the fabrication type of heat 
Type 347 Ta with a Type 347 weld de- 
posit was second. It is believed that this rating is due 
to the high ratio of stabilizing elements to carbon rather 
than presence of tantalum. The columbium stabilized 
material having the lower ratio exhibits knifeline attack 
and lower corrosion resistance. The titanium sta- 
bilized material exhibited the least corrosion resistance 
to the nitric acid test. 


treatments. 


If the presence of columbium, tantalum or titanium 
does not enhance the corrosion resistance of the 18 
Cr-8 Ni alloys other than to minimize possible sensi- 
tization, then there is no reason that the Type 304 L 
alloy is not an effective substitute for the stabilized 
grades of alloys for service applications under 800° F. 
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Tensile Tests and Metallurgical Studies of 


Welded Copper Joints 


» Mechanical properties and metallurgical studies of a number of types of welded 


copper joints at various temperatures and by different 


by R. J. Mosborg, R. W. Bohl, F. L. How- 
land and W. H. Munse 


INTRODUCTION 


HIS investigation, sponsored by the Copper and 

Brass Research Association at the University of 

Illinois, is a part of a program to determine the 

mechanical properties of a number of types of 
welded copper joints at various temperatures. 

Thus far static tension tests have been completed on 
welds made by the inert-gas shielded-are (deoxidized 
copper rod and argon shield) and the oxyacetylene 
(brass rod) processes. Three base materials, electro- 
lytic tough-pitch, deoxidized high-phosphorus, and 
oxygen-free high-conductivity (OFHC) coppers, in '/s 
and '/, in. thicknesses, were welded with each of these 
two processes. From these tests, values of yield 
strength, ultimate strength, per cent elongation, and 
per cent reduction of area were determined at testing 
temperatures of —321, 70 and 400° F. for each com- 
bination of base metal and type of welded joint. 

To supplement the mechanical test data obtained on 
these welded copper joints, a metallurgical examination 
was made of a section cut from each type of joint. 
This examination consisted of microscopic, macro- 
scopic and micro-hardness surveys of the base metal, 
heat-affected base metal and weld metal. 


TESTING EQUIPMENT AND PROCEDURES 


A 30,000-lb. Riehle universal testing machine was 
used for the duplicate tests conducted at room temper- 
ture and 400° F. 
long with a 1'/s-in. wide net section and conformed to 
the A.S.T.M. Designation E8-46 for standard rectan- 
gular tension test specimens with a 2-in. gage length. 


These test specimens were 10 in. 


R. J. Mosborg is Research Associate in Civil Engineering; R. W. Bohl is 
Assistant Professor of Metallurgical Engineering . L. Howland is Re 
search Assistant in Civil Engineering; and W. H. Munse is Research Assist 
ant Professor of Civil Engineering All are with the University of Illinois 
Urbana 
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welding processes 


The 400° F. testing temperature was provided by a 
2000 watt electrical tube-type furnace for which pre- 
vious calibrations indicated that a uniform temperature 
was obtained over the entire length of the specimen. 
During each test the temperature was measured with a 
chromel-alumel thermo-ccuple located at the center of 
the specimen and was recorded continuously with a 
recording self-balancing potentiometer. The specimen 
was maintained at the test temperature for ten minutes 
prior to the start of the test to insure uniform tempera- 
ture distribution along the specimen. This tempera- 
ture was then maintained within +2° F. throughout the 
test. 

The —321° F. tests were conducted in a 120,000-lb 
Baldwin-Southwark hydraulic universal testing ma¢ 
chine. For these low-temperature tests quadruplicate 
specimens, 10 in. long and with a net section '/, in, 
in width, were tested. This smaller section permitted 
the use of special equipment already available for test@ 
at this temperature and also reduced the size of the 
apparatus to be cooled. Before changing to this ree 
duced width, however, a series of tests was conducted 
at room temperature in which the results from '/.- and 
1'/-in. wide specimens were compared. This come 
parison indicated that this change in width of the speci= 
men had no significant effect on the mechanical prope 
erties. In order that all the specimens would be simi 
lar and comparable to one another, the weld reinforces 
ment was removed from each specimen 

The testing temperature of —321° F. was obtained 
by immersing the specimen and pullheads in a bath of 
boiling liquid nitrogen. Thus they were maintained 
at a constant temperature of —321° F. throughout the 
entire test. The testing chamber for these low-tem- 
perature tests consisted of a multiple-walled container. 
One of the spaces between these walls was filled with 
Santocel, a commercial insulating material, and the 
other contained a dead air space. The problem of 
insulating the test assembly from the rest of the testing 
machine was solved by using felt and plastic insulating 
joints above and below the test assembly 

For each specimen tested, an autographic recording 
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Table 1—Details of Welding Procedures 


Inert-gas shielded-arc 
Filler metal American brass alloy 372 
Type of flux 
Make and type of torches 
Size of tips 
Gas used 
Current 
Electrode size, in. / 
Shielding gas Argon (35 C.F.H.) 
Joint position Flat 
Backing Shallow groove copper 
Clamping 2 C-clamps 
Plate thickness, in. 1/4 
Filler metal size, in. 1/16 
Edge preparation Square butt 
Root face, in. 


Straight d. 
1 


None 


Heliare aircomatic gun model 25 


16 
60° Incl. angle 


Oxyacetylene 


Oxweld 25M bronze 

Oxweld brazo flux (paste form) 

Oxweld W17, Airco No. 800 

No. 40, No. 7 

Oxygen and acetylene (slightly oxidizing) 


20 deg. angle 

Grooved copper, '/;5 in. deep by '/, in. wide 
None 

90° Incl. angle 


90° Incl. angle 


Root space, in. None 3/s—Starting end —Starting end 
1/,—Finishing end 1/,—Finishing end 
About 250 


Preheat, ° F. 
Deox. OFHC T.P. Deox. OFHC 


Base metal 
Amount of gas used, cu. ft. 
Current, amp. 


TP. x. OFHC T.P. Deox. OFHC 
50 45 64 


Time to complete pass, min. 21 22 23 13 


unit was used to obtain a complete load-elongation 
curve. From these curves the yield load, maximum 
load and the final maximum elongation were obtained. 

The metallurgical specimens for the welded joint 
studies consisted of a section cut normal to the joint. 
One of the specimen faces containing the weld section 
was ground with successively finer grit emery papers 
through 3/0 grit, and the surface was electrolytically 
polished in an electrolyte of phosphoric acid (900 g./1.). 


kips per squore inch 


Stress, 


Fig. | Stress-elongation curves for copper joints welded 
by the inert-gas shielded-are process, deoxidized copper 
rod 
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A micro-hardness survey was then made across the 
polished surface along a straight line traverse parallel 
to the surface of the plate. This hardness survey was 
made with a Tukon Hardness Tester, using a 136- 
degree Vickers diamond pyramid indenter under a 
load of 1000 gm. All tests were made along a line ex- 
tending 36 mm. from the center of the joint and in- 
cluded the weld metal, heat-affected base metal and 
unaffected base metal. The first twenty tests were 
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-321°F 
Percent Elongation in 2 Inches 


Fig. 2 Stress-elongation curves for copper joints welded 
by the oxyacetylene process, brass rod 
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made at 1-mm. intervals in the weld metal and the base 
metal. This was followed by eight readings at 2-mm. 
intervals in the unaffected base metal. 

Upon completion of the hardness surveys the speci- 
mens were etched with an acid potassium dichromate 
reagent to reveal the microstructure of the base metal 
and weld metal. Upon completion of the microscopic 
examination, all specimens were repolished and etched 
with ntiric acid for a macroscopic examination. 


DISCUSSION OF TEST RESULTS 
As stated previously, the object of the investigation 
was to determine the mechanical properties of welded 
joints in copper at various temperatures. The de- 
tails of the welding procedures used to prepare the 
test specimens are given in Table 1. (The joints were 
prepared by a highly qualified commercial fabricator.) 


Stress-Elongation Curves 


The average stress-elongation curves for each of the 
various types of joints are shown in Figs. 1 and 2 and 
make it possible to compare the behavior of the differ- 
ent joints when tested at the various temperatures. 
In these figures the curves for each of the two thick- 
nesses, the two welding processes and the testing tem- 
peratures have been presented separately. 

For joints prepared by either welding process, the 
influence of the testing temperature on the ultimate 
strength of the specimen was more pronounced than on 
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The curves of Figs. 1 and 
2 show also that in the tests at —321° F. failure of the 
specimen (the end point of the curves) occurred at 
loads very close to the maximum load on the specimen, 


any of the other properties. 


while at the other temperatures a considerable drop- 
off of the load usually occurred before final failure of 
the specimen. This abrupt or sudden type of failure 
occurred also at room temperature and 400° F. for the 
'/,-in. tough-pitch specimens welded by the oxyacety- 
lene process. 

The deoxidized copper joints were usually stronger 
and underwent greater elongations than the other base 
metals. However, in general, the differences between 
these joints and the joints of tough-pitch and OFHC 
coppers were small. 


Yield Strength 


For the two welding processes studied, the yield 
strength, as determined by an elongation of 0.5%, was 
not greatly affected by the temperature, and at 70° F. 
varied only slightly from an average of 10,000 psi. As 
the temperature was decreased from 400 to —321° 
F., the yield strength increased about 4000 psi. This 
trend is shown in the lower part of each diagram of 
Fig. 3. It is evident that neither the welding process, 
the thickness, nor the base metal produced a distin- 
guishable variation in the yield strength. 


Ultimate Strength 


One of the most important properties considered in 


Oxy-Acetylene Fiome 
Brass Rod 


50 
40 Electrolytic Tough-Pitct 
x—-—x Deoxidized High Phos. 
+----+ OFHC | 
T 
20} 
10 
-200 -100 100 


30 
20 
7 
10 
° | | | | ° | 
-300 -200 -100 100 200 400 -300 -200 -100 100 200 300 400 


Temperature °F 
Fig. 3 Variation of ultimate strength and yield strength of welded joints in copper with temperature 
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these tests was the ultimate strength. It was this 
property which exhibited the greatest variation with 
temperature and base material. 

For specimens welded by the inert-gas shielded-are 
process the ultimate strength decreased, as shown in 
Fig. 3, from an average value of 48,000 psi. at —321° F. 
to 31,000 psi. at 70° F., and to 20,000 psi. at 400° F. 
The type of base metal did not noticeably affect the 
ultimate strength of the '/,-in. specimens; most of the 
strengths fell within a relatively small band. For the 
'/-in. specimens, however, the ultimate strength varied 
somewhat more at all temperatures. Variations in 
the location of the fracture along the specimen axis are 
believed responsible for much of this scattering. 

The effect of the testing temperature on the strength 
of the joint was, in general, the same for the welds pre- 
pared by either process. However, the strength of the 
joints prepared by the oxyacetylene process depended, 
to a greater extent, upon the type of base metal in the 
joint. This base metal dependence was demonstrated 
clearly by the '/,-in. specimens. In this case the joints 
of deoxidized and OFHC coppers had ultimate strengths 
which approached the base metal strengths of 51,000, 
31,000 and 22,000 psi. at —321, 70 and 400° F., re- 
spectively.' However, the joints of tough-pitch cop- 
per had ultimate strengths which were between 6000 
and 10,000 psi. lower, for each testing temperature, 
than those of the base metals. The '/s-in. specimens 
did not exhibit the same degree of base metal influence, 
but the tough pitch copper joints tended again to have: 
the lowest strength except at 400° F. where the OFHC 
copper joints were slightly weaker. 


- From “Mechanical Properties of Copper at Various Temperatures” by 
W. H. Munse and N fei Presented at the Fifty-Fourth Annual Meet- 
ing of the A.8.T.M., June 1951. 


Microhardness Surveys 


As a result of the nature of the microhardness test, 
some scatter exists in the results of these tests because 
of the effects of variables such as local segregation, 
grain size and orientation, surface condition, small 
amounts of plastic flow and residual stresses. The 
specimen preparation and testing procedure, however, 
were designed to minimize, as far as possible, the effect 
of external variables on the test results. 

Because of the familiar relationship between hard- 
ness and grain size of annealed copper, it was antici- 
pated that the hardness contour would reflect the in- 
crease in grain size of the base metal adjacent to the 
weld with lower hardnesses. Examination of the hard- 
ness data (see Figs. 4 and 5), however, failed to reveal 
any systematic relation between the hardness values 
and their distance from the site of the weld, in spite of 
the very pronounced grain coarsening which was evi- 
dent, in general, in most of the welded joints, 

This lack of softening suggests that some work hard- 
ening may have offset the expected softening due to 
grain growth. That the plates have, in fact, suffered 
some plastic deformation was evident in the distortion 
and warpage caused by uneven heating during the 
welding process. The net result of these two opposing 
effects could be either an increase or a decrease in hard- 
ness, and could account for the fact that the tests show 
considerable variation. In spite of this irregularity, 
lower values of hardness were noted generally when 
excessive grain growth occurred in the base 
metal. This was particularly true in the joints for 
which an oxyacetylene flame was used to make the 
weld. 
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1 


4mm 


Fig. 4 Hardness surveys on faces of copper joints 
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The hardness values in the weld metal were quite area for the welded joints can well be treated together ss 
uniform for cast structures, and indicated that the weld since they are somewhat interrelated and their magni- 
deposits were, in most cases, uniform and sound. tudes were noted to have similar patterns. For the 
welding processes studied these properties were some- 
times highly scattered for duplicate specimens. This 
Elongation and Reduction of Area 
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Fig. 7 Variation of per cent reduction of area of welded joints in copper with temperature 


perature, base metal and plate thickness influences were 
difficult to determine. 

Because of this significant effect of fracture location, 
the conclusions which may be drawn from the results 
shown in Figs. 6 and 7 are limited. Nevertheless some 
base metal differences are apparent. For both proces- 
ses the specimens welded from tough-pitch copper gen- 
erally produced the lowest values of elongation and re- 
duction of area. However, at 400° F. the OFHC copper 
specimens gave smaller values occasionally. 


INTERPRETATION OF TEST RESULTS 


It has been pointed out that some of the mechanical 
properties of the joints tested varied markedly with the 
location of the fracture relative to the weld site. These 
fracture locations can generally be predicted from a 
consideration of the metallurgical structures of the 
joints. In the series of specimens tested, however, 
some deviation of the fracture locations, from those indi- 
eated by the metallurgical structures, was observed. 
These deviations are believed to be related to difficulties 
encountered in attempting to prepare identical test 
specimens from the original welded plates. These 
welded plates contained such irregularities as variations 
in plate alignment, undercutting, and residual thermal 
stresses which, when relieved by machining, caused 
warpage and distortion of the specimens. Variations 
of this nature influence the measured properties of the 
joints and increase the difficulty of interpreting the 
data. 

To help in the interpretation of the data, arbitrary 
zones of failure were defined in the specimens, and the 
locations of the fractures were analyzed in terms of 
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Fig. 8 Fracture locations and approximate variations of 
the mechanical properties with fracture location 
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these zones as indicated in Fig. 8. These arbitrary 
zones may not accurately describe the actual metal- 
lurgical structure in all of the joints but were selected 
to standardize the notation and approximate the struc- 
tures. The upper part of the same figure shows the 
approximate mechanical properties for the different 
fracture locations. These curves were plotted from the 
values of the mechanical properties determined at 
—321° F. but are representative also of the variations 
obtained at the other testing temperatures. 

From these data it is evident that the yield strength 
was not influenced by different fracture locations. This 
was true also for the ultimate strength and per cent 
reduction of area when the fractures occurred in the 
unaffected base metal. The values of the per cent 
elongation reached a maximum near the center of the 
base metal zone and decreased as the fracture ap- 
proached the gage lines. 
cause, as the fracture approached the gage lines, a 
greater portion of the elongation took place outside of 
In general, however, when frac- 


This decrease occurred be- 


the 2-in. gage length. 
tures occurred in regions removed from the weld, the 
mechanical properties approached those of the base 
metal. 

For joints welded by the inert-gas shielded-are proc- 
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Fig. 9 Welded joint structures in tough-pitch copper. 
Macrostructures I'/, X. Microstructures 25 
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ess, wherein the deposited metal is similar to the base 
metal, only a slight variation in ultimate strength oc- 
curred if the fracture was in the weld metal rather than 
in the base metal. However, a fracture in the deposited 
metal caused a decided decrease in the values of elonga- 
tion and reduction of area. This influence of the weld 
metal was even more noticeable when brass was used 
for the filler metal. 

Typical macrographs and micrographs of the joints 
in the tough-pitch, deoxidized high-phosphorus, and 
OFHC coppers are given in Figs. 9, 10 and 11, respec- 
tively. By a careful consideration of the metallurgi- 
cal structures produced by the two welding processes, 
the joints having the best mechanical properties could 
usually be selected. 
are inherent to the structures of welded copper joints 
and which affect their quality are the formation of 
oxides, grain growth in the base metal, porosity in the 
weld metal, and poor penetration and flow of the filler 
metal resulting from rapid heat conduction away from 
the joint during welding. The formation of copper oxide 
during welding, or the redistribution of copper oxide 


Among the several factors which 


already present when tough-pitch copper is the base 
metal, has a pronounced effect on the quality of welds 
produced if the oxide is located in continuous masses. 
However, small amounts of copper oxide, when dis- 
tributed uniformly throughout the structure, have little 
effect on the properties of a joint. 


plate 1/q-in. plate s-in. plate plate 
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Fig. 10 Welded joint structures on deoxidized copper. 
Macrostructures 1'/, X. Microstructures 25 
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Fig. 11 Welded joint structures in OFHC copper. Macro- 
structures I'/, X. Microstructures 25 


The oxidizing flame of the oxyacetylene torch is, of 
' course, an excellent source of oxygen for absorption 
by the base metal. Oxides can be formed also through 
contact of the atmosphere with a highly heated copper. 
However, careful welding with the inert-gas shielded- 
are process can prevent the oxygen and moisture of the 
atmosphere from coming into contact with the metal, 
and thereby produce a weld free of oxides. 
When welds are made in tough-pitch copper, the 
oxides already present in the base metal are redis- 
tributed from a relatively harmless random occurrence 
to a semi-continuous network at the grain boundaries, 
which is deleterious to the mechanical properties of the 
| Fjoint. Copper oxide, being slightly soluble at high 
' temperatures, goes into solution during heating, and 
upon subsequent cooling, precipitates in the grain 
be boundaries. The appearance of this type of precipita- 
: tion is shown in Fig. 12 (a). In Fig. 12 (b), the oxides 
outline a dendritic, or cast structure, and show fusion 
and oxygenation of the base metal resulting from the 
welding process. 

In addition to the detrimental effect of the precipita- 
tion of oxides in the grain boundaries, copper oxide can 
also be responsible for another serious condition known 
as “gassing.’’ If oxide-bearing copper is introduced to 
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Fig. 12 Welds in tough-pitch copper 


a reducing gas, namely hydrogen, at moderate tempera- 
tures, the oxide will be reduced to form copper and 
water vapor. This vapor is insoluble and creates an 
extremely high internal stress which can lead to pre- 
mature failure under load, or actually disrupt inter- 
granular cohesion. Evidence of such an occurrence is 
noted in the '/s-in. plate shown in Fig. 12 (a). 

Welding tough-pitch copper with an oxyacetylene 
flame, because of the slower rates of heating and cool- 
ing, allows more time for solution and reprecipitation 
of copper oxide. As a consequence of the presence of 
this copper oxide it was observed that the joints in 
tough-pitch copper had a much lower ductility than did 
the joints in which the oxygen had been excluded. 
Failures in these joints occurred in the base metal at 
the edge of the weld where the precipitation took place. 

More extensive copper oxide precipitation was noted 
in the '/s-in. plates than in the '/,-in. plates of tough- 
pitch copper and, as a result, a greater reduction in the 
ultimate strength was observed in the joints of the 
thinner material. Because of the lower thermal capac- 
ity of the '/s-in. plates, slower heat dissipation occurred 
through the plate, and this permitted more migration 
of the copper oxide to the grain boundaries. This 
thermal effect resulted also in a greater degree of grain 
coarsening of the base metal in the '/s-in. plates. 

A low ductility was obtained also for joints in the 
'/-in. OFHC copper welded by the oxyacetylene 
process. The explanation for this lies in the presence 
of an oxide grain boundary precipitate as shown in 
Fig. 13 (a). The same welding procedure but on the 
'/,in. plate (Fig. 13 (b)), showed only slight traces of 
oxide precipitation. This difference may be ascribed 
partly to the operator’s technique and partly to the 
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Fig.13 Oxides in OFHC copper welded by the oxyacetylene 
process. 150 
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difference in thermal capacity of the plates. Welding 
OFHC copper entails the risk of introducing oxygen and 
the formation of copper oxide, while welds in deoxidized 
copper by the oxyacetylene process can be made rela- 
tively free of copper oxide. 

The temperatures of the base metal during welding 
are sufficiently high to cause grain growth and thereby 
a lowering of the mechanical properties, particularly 
the ductility. In tough-pitch copper grain growth is 
not a serious problem because of the presence of copper 
oxide particles which act as barriers to grain boundary 
migration. Similarly, in OFHC copper welded by the 
oxyacetylene process, grain growth is restricted in areas 
of the base metal which have absorbed oxygen during 
welding. This is demonstrated in Fig. 11, where re- 
gions adjacent to the weld have absorbed oxygen and 
no coarsening has occurred. 
oxygen penetration, however, unrestricted grain growth 
has taken place. In the deoxidized copper the presence 
of phosphorus gives this material somewhat lower 
coarsening characteristics. 


Beyond the region of 


The oxyacetylene flame is a less intense source of 
heat than the are but requires that the metal be at 
high temperatures for a longer period of time with a 
consequent greater coarsening. Failures in this weaker 
coarsened zone predominated in the joints made under 
conditions favorable for grain growth. 

The joints in OFHC copper which were tested at 
400° F. showed a large drop in ductility as compared 
to the values for this material when tested at lower tem- 
peratures. However, a similar drop in ductility was 
not found when the other base metals were tested at 
this temperature. Therefore, a metallographic exam- 
ination was made of the OFHC joints after they had 
been tested at 400° F. The fractures were found to be 
intererystalline and occurred in the base metal at a 
distance of about one grain diameter from the weld 
metal. A typical section of one of the joints examined 
is shown in Fig. 14 (a). The base metal on the side of 
the weld which had not failed showed the presence of 
numerous grain boundary cracks penetrating from the 
edge of the plate and the presence of some grain bound- 
ary precipitation (Fig. 14 (b)). 

This embrittlement was probably the result of cop- 
per oxide precipitation in the grain boundaries. Al- 
though no oxides were observed in the metallurgical 
specimen from the as-welded plate, it is very possible 
that the region from which the test specimens were 


(a) Edge of specimen showing (6) Edge of specimen showing 
fracture in base metal incipient cracks and precipitate 
in base metal 


Fig. 14 Fracture of joint in '/,in. OFHC copper tested at 
400° F., shielded-arc process. 100 
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taken had absorbed some oxygen during welding. The 
possibility of oxygen absorption during testing is ques- 
tionable and although the literature reports some oxida- 
tion of copper in air at 400° F. the embrittling effect is 
uncertain. The immunity of the deoxidized copper to 
loss of ductility can be explained by the action of the 
excess deoxidizer in preventing the formation of copper 
oxide. The tough-pitch copper, with oxide initially 
present, was already in a state of low ductility and 
any such additional loss was not evident. 

The macroscopic examination of the welds made with 
a brass filler rod revealed relatively shallow penetra- 
tions. Because of the lower melting point of brass, it 
is possible to fill the weld site without attaining a high 
enough temperature for a great deal of fusion and pene- 
tration of the base metal. However, the examination 
of these joints at high magnification indicated that ade- 
quate continuity had been established across the inter- 
face. 

When all of the specimens prepared by each welding 
process were grouped according to their fracture loca- 
tion, the variations in elongation and reduction of area 
resulting from a change in base metal and plate thick- 
ness largely disappeared, and the influence of tempera- 
ture on these properties became apparent. Thus, it 
was found that the per cent elongation increased slightly 
with a decrease in temperature and the per cent reduc- 
tion of area was not influenced in a consistent manner by 
a change in the testing temperature. 


SUMMARY AND CONCLUSIONS 


The results of the tests on welded joints fabricated by 
the inert-gas shielded-are and the oxyacetylene procs 
esses as reported herein, may be summarized as follows, 

An increase in the testing temperature from 70 td 
400° F. decreased the ultimate strength of the joints 
by about 32%, whereas a decrease in the testing tem 
perature from 70 to —321° F. increased the ultimate 
strength approximately 60%. Except for a few joints 
welded in tough-pitch copper by the oxyacetylen@ 
process, all the ultimate strengths obtained in tests af 
room temperature were between 28,000 and 31,008) 
psi. 

The elongation and reduction of area, measures of 
ductility, were only slightly affected by the 720% 
change in the testing temperature, with the exception 
of OFHC copper. In this case oxides, either introduced 
during welding or absorbed during testing, are believed 
to be responsible for the lower ductility. 

The location of the fracture along the specimen axis 
and its effect upon the properties, regardless of the 
testing temperature, makes the analysis of this series of 
tests difficult. 

The conclusions that can be drawn regarding base 
metal effects are relatively clear. The mechanical 
properties of the welded joints in the deoxidized copper 
plates approached the properties of the base metal. 
For the joints in tough-pitch copper, the fracture gener- 
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ally occurred in regions of oxide precipitation at the 
weld edge, particularly when the oxyacetylene welding 
process was used, thereby causing the mechanical prop- 
erties to be low and somewhat scattered. The joints 
prepared by OFHC copper exhibited a great deal of 
scatter in properties, due primarily to the changes in 
fracture location. 

With the welding procedures reported in this study, 
very sound weld metal deposits were obtained. Both 
the macrostructures and radiographs of the welded 
joints indicated very little porosity. The structures 
of the joints showed excellent continuity at the weld 
metal-base interface, and excellent flow and penetra- 
tion characteristics. Any failures occurring at the 
junction were due to the presence of copper oxide, and 
not to a lack of bonding between the base metal and 
weld deposit. 
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Plasticity Research 


NE of the most difficult problems which has con- 
fronted the Council is that associated with the 
failures which have occurred in some large welded 
structures, such as ships and bridges. These failures 
are described by engineers as brittle and they are per- 
plexing because they have occurred under loading 
conditions which would normally be considered safe. 
The ship failures during the war necessitated a great 
deal of research covering many phases of the problem in 
order that quick answers could be found. Enough was 
soon learned regarding the problem that naval archi- 
tects and engineers were able to get out compromise 
designs, involving some riveted joints, which were a 
great improvement. 


After the emergency the Welding Research Council 
appreciated the need for sound design information if a 
repetition of the ship and structural failures were to be 
prevented and if efficient economical designs were to be 
produced. It appointed a Plasticity Committee of 
eminent engineers and scientists to tackle this problem. 
It was hoped that the needed information could be 
ifted from the mass of government sponsored research 
ere and abroad. 


After eight meetings extending over a period of more 
than a year, agreement was reached between the scien- 
tists and engineers on a three-pronged attack on this 
problem. 


A considerable amount of scientific information has 
been accumulated on the flow and fracture of metals, 
some of which can be translated now in terms which the 
engineer can use. It was also agreed that two param- 
eters of behavior (strain rates and gradients) need 
further investigation. Possibilities of new approaches 
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to the problem were not overlooked and have been pro- 
vided for in the program. 

The Welding Research Council is ready to launch 
this project. The necessary talent and laboratories 
have been lined up. Unfortunately, however, suffi- 
cient funds have not yet been forthcoming to warrant 
the initiation of the work. These projects are of vital 
interest to every company fabricating and using field- 
erected structures of all types. 

Anyone interested in this problem is urged to com- 
municate at once with W. Spraragen, Director, Welding 
Research Council, 29 W. 39th St., New York 18, N. Y. 

The Committee believes that with funds of the order 
of $25,000 a year they can begin to produce results 
which will be immediately useful to the engineer and 
assure a more fundamental solution of the problem at a 
later date. They believe that a program of this sort 
will be more effective than huge expenditures on a cut- 
and-try variety of research. 

The structural steel and other industries projecting 
new and large welded structures may soon find them- 
selves in the position where progress may be retarded 
because of uncertainties in design or where serious risks 
may be involved because of lack of precedent or ex- 
perience. 

The Committee believes that the proposals are in a 
field where the most careful thinking and planning must 
be done in advance of any experimental programs. 
Moreover, these experimental programs must approach 
the problems with an open mind. It is believed that a 
comparatively small expenditure, in this way as indi- 
cated above, will yield returns many times greater than 
the returns of the engineering type of research now being 
conducted in this and closely allied fields. 
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Fatigue Strength of Spot-Welded Light Alloy | 


Joints | 
» Effect of variations in load, plate overlap, pitch of spots, distance between | 
rows and span on the fatigue strength of spot-welded light alloy joints 
by Dr. Hiroshi Kihara 
HE welding technique in Japan had - | 
long been far behind world level, but wio | 3 
resistance welding of light alloys 
reached a considerable stage of develop- FE eames 
ment during World War II. The most a 2 ‘a 
superior aircraft had about 15% of its 
spot welding being applied to all strength = 
members such as wings and hulls as well ++ t +++ 4 
things has led the author to investigate 10 | | | {| | 
the fatigue strength of spot-welded joints. 107 10° 10° 107 i 
NUMBER OF CYCLES 
THE EFFECT OF MEAN LOAD AND Fig. 2 The effect of preload upon the shearing fatigue strength of welded spot ' a 
MARGIN OF PLATE UPON THE 4 
SHEARING FATIGUE STRENGTH ; 
PER ONE SPOT 


pitch of two spots. The welded plates 
are of SDH (Super Duralumin Heat- 
treated), 0.032 in. thick, with tensile 
strength of about 68,000 psi., statical 


fatigue strength at 10°, 10° and 1¢ 
repetitions is obtained, and the values iB 
each case are plotted in Fig. 3. Let O4 
double the statical strength of spot 


Mean Load 


Specimens shown in Fig. 1 are tested by 


the torsional fatigue testing machine shearing strength per welded spot being Join A and the point of the reversed (tem 
then shearing force per spot being calcu- about 470 Ib. Tests are made on four sion-compression ) fatigue strength; thei ; 
lated by torsional moment divided by the kinds of specimens which have mean load as easily seen from Fig. 3, these straight 

7 7 (or preload) of 360, 270, 180 and 0 Ib., lines represent the fatigue strength undé@® Wi 
a Sn ee ee and this last one means reversed fatigue any preload not so large as the staticg q 
Dr. Hiroshi Kihara is President of the Japan test. : , Z strength. 
Welding Society. Fatigue cracks started as shown in Fig. Draw OD 45° to OA and cross the above 
Scheduled for presentation at the Thirty-Seooed 1 (a). The test results are shown in Fig. straight lines; then the crossing points 
of Oct. 15, 1951" 2. From the straight line in Fig. 2, represent the» repeated (zero-tensiogj) 

Fatiaue Crack Marcin 
(gece 
T 


7 || @ | 
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(e) Specimen for mean load (b) Specimen for margin of plate 


Fig. 1 Fatigue test specimens 
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IMPOSSIBLE RANGE OF TEST 


LOAD 


200 300 400 soo 


800 0 


600 700 


PRE -LOAD (OR MEAN LOAD) 
Fig. 3 Fatigue strength diagram under preload 


fatigue strength, and if tan 


ZDOA = 


1/, instead of 45°, the fatigue strength of 
“tension —'/, tension”’ will be obtained. 
Let OB be equal to the ultimate strength 


of spot; 


then the hatched part of ABC 


shown in Fig. 3 signifies the range be- 
yond test, since BC represents that the 
upper stress is equal to the ultimate 


strength of spot when ZABC = 135°. 


The author also tested on the plate of 
0.024-in. thick SDH, and the same re- 
sults as shown in Fig. 3 were obtained, but 
both statical and fatigue strength were 
just proportional to the plate thickness. 


Margin of Plate 


Specimens for this purpose are the same 
as the above ones except for the disposi- 
tion of two spots, and the margins of plate 
are three kinds of 0.32, 0.16 and 0.08 in. 
Though spots were welded in the condi- 


tion by which the statical shearing strength 
of 400 Ib. would have been expected, the 
smaller the margin was, the lower the 
statical strength. The test results of re- 
versed fatigue are shown in Fig. 4, and 
the state of fatigue cracks in Fig. 1 (b). 


THE EFFECT OF PITCH OF SPOT 

WELDS AND RIVETS UPON THE 

FATIGUE STRENGTH OF SINGLE 
LAPPED JOINTS 


Experimental Results 


To ascertain the effects of pitch of spot 
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Fig.4 The effect of the margin of plate upon the fatigue strength of welded spot 


Fati 
(when a pite 
16 
140 


Single row (p = 1.0) 
128 


Double row (p = 1.0) 


10° 
6,800 


11,300 


Single row (p = 0.50) 
Double row (p = 0.50) 


e strength per one spot, Ib. 

is larger than the saturating pitch) 

106 

80 

64 
Fatigue strength of spot-welded joints, psi. 

(When a pitch is smaller than the saturating pitch) 

10° 

3900 


5800 


Table 1—Fatigue Strength of Spot-Welded Joint and Riveted Joint 


——Ruvertep Joint— 


Fatigue strength per one rivet, lb. 


10° 
33 
Fati 

(when a pite 

10° 
2200 


3000 


Single row (p = 1.0) 
Double row (p = 1.0) 


Single row (p = 0.33) 
Double row (p = 0.40) 


(when a pitch is larger than the most effective pitch ) 


150 
116 


216 
196 


e strength of riveted joints, psi. 
is smaller than the most effective pitch) 


10° 
5300 
(8200 )* 
6700 
(9500 )* 


(15,700)* (5700)* 


N 


| 


( )* = stress considering rivet hole reduction. 


© 


© 
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(a) Specimens for single row 


Fig. 5 Fatigue test specimens 
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(b) 


Specimens for double row 
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welds and rivets upon the pulsating 

co-tonsion) fatigue strength, the tot | | b= 1.0% 
(zero-tension) fatigue strength, the test | 
specimens as shown in Fig. 5 were used. Z " K. = 0.24) P= 0.67 == 
The single-row lapped joints have 2, 3, 4, 4 p= 0 50" 
5 and 6 spots or rivets with pitches of 10 = 0.40" 
1.0, 0.67, 0.50, 0.40 and 0.33 in., respec- = 632 
tively, while the double-row lapped Tritt, SEAM WE LD -- 2 
joints have the same pitch as the single ” } | 
row with the specimens of 0.33-in. pitch Bh T 

excluded, and the distance between double TTT] 
made on the seam-welded joints to be re- “ ka) SPOT WELDED JOINT | } 
garded as zero-like pitch of spots 

The plates welded or riveted using 104 105 


0.12-in. diameter rivets were of 0.04-in. 
SDCH (Super Duralumin Clad Heat- 
treated) with the ultimate strength of 


about 68,000 psi., and the testing machine io 
was Haigh’s tension and compression ° 
fatigue tester with a capacity of 1.5 tons. 2 
The fatigue data are shown in log o-log Oo 
N (@ = nominal repeated stress of joint; 4 
N = no. of cycles) curves in Figs. 6 and oe 
7 - 4 
+ 
| 
However small the pitch of spot welds ” RIVETED JOINT tT] | | 
may be, the joint will have proper strength, ily | 
but riveted joints will have zero rege 104 105 106 107 
if the pitch of rivets is equal to the rivet 
diameter. This is a distinct characteris- NUMBER OF CYCLES 
tic between spot-welded and riveted joints Fig. 6 Fatigue strength of spot-welded and riveted single-row joints 
To facilitate the explanation of the fa- 
tigue strength of spot-welded and riveted 
joints, the author must take up the statical 
strength of these joints first. 
Spot-Welded Joints. Welded spots of p=1,0" 
lapped joint may be broken by shear in 
case of thick plate or pulled out in case of P=05,0.4,0.1° 
thin plate, due to comparatively large P=0.67" 
pitch of welded spots, when the mean ten- J = 
sile stress of joint is shown by the hyper- = T 5 
bolic curve of 3 (oKs= 0.29) P=0.67 
= (1) ra) Pp#0.40 
2 {SEAM WELD 
where Vv + 4 +++4+ it ++-+44 + 
= mean tensile breaking stress of ¥ et 
p = pitch of spot we in. Ka) SPOT WELDED JOINTS | 
t = thickness of plate, in. | | 
n = no. of rows. } | | | | 
S, = ultimate strength of one spot —-- ins 
weld in lapped joint of n rows, 10 10 10 i 
The plate of lapped joint may be broken NUMBER OF CYCLES j 
at the heat-affected section, due to small =0.67"_ P= 050,040” P= 10” 
pitch of welded spots, when the mean ten- 4) 
sile stress of joint is shown by the straight +4144 =0 2 4 
line of 3 | 
where 3 — 
osx = statical tensile strength of base ax 
plate, psi. T 
a, = a coefficient to be experimentally w — tot +— 
determined for the spot-welded (b) RIVETED _ _ JOINTS | }__] 
lapped joint of n rows. - 
The crossing point of the hyperbolic | | 1 ytd} | | | | | 
curve with the straight line is called 108 10° 10" 
“saturating pitch’’ for the reason of the 
strength of joints being equal at any pitch NUMBER OF CYCLES 
smaller than that particular pitch. Fig. 7, Fatigue strength of spot-welded and riveted double-row joints 
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The skeletonized diagrams of spot- 
welded joints experimented on a 0.04-in. 
plate of SDCH are shown in Fig. 8. 

In the single-row lapped joint, the 
larger the diameter of spot, the more the 
bending stress due to tensile force de- 
creases at the heat-affected section, so 
a is a function of value of S;. But in 
the double-row joint the diameter of spot 
is not so effective in decreasing the bend- 
ing stress, as compared with the single 
row, that a will be regarded as almost a 
constant. 

However small pitches may be in spot- 
welded joint, or even in seam-welded 
joint, it is difficult to obtain over 60% 
joint efficiency in the single row and 75% 
in the double row. 

This is the case of super duralumin, 
and the joint efficiency of ordinary dur- 
alumin will be improved, because the ten- 
sile strength of heat-affected section of the 
latter is almost equal to that of the former 
while the statical strength of base plate of 
the latter is less than that of the former, 
and the seam-welded joint of pure alu- 
minum has about 98% joint efficiency even 
in the single row, because pure alu- 
minum is not weakened by the heat affect. 

Finally, let us consider the case of the 
plate thickness, ¢, altered. As a rule, the 
strength of one spot is linear to the thick- 
ness according to the “Standard Welding 
Condition” of our country, and this being 
approved by our “Standards of Design,” 
S,/t is to be set down as a constant. 
Therefore, if a, can be made out, the 
saturating pitch will easily be obtained 
as a function of pitch, p, and a constant, 
S,/t, regardless of plate thickness. 

Riveted Joints. Rivets of lapped joint 
are broken by shear in case of small 
diameter or plates are crushed by bearing 
pressure in case of large diameter, due to 
the comparatively large pitch of rivets, 
when the tensile strength of joint will be 
shown by the hyperbolic curve of 

nk, 
pt (3) 
where 


¢ = mean tensile breaking stress of 
lapped joint, psi. 


stress (6) 


02 Q3 0.6 10 12 
PITCH (P) 


Fig. 8 Skeletonized stress-pitch dia- 
gram of the spot-welded lapped joint 
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p = pitch of rivets, in. 

t = thickness of plate, in. 

n = no. of rows. 

R, = ultimate shearing strength or 
crushing load by bearing pres- 
sure of one rivet in lapped joint 
of n rows, lb. 

The plate of riveted joints may be 
broken like a perforated sheet of postage 
stamps in case of small pitch of rivets, 
when the tensile strength of the joint is 
shown by the following hyperbolic curve 

= P d 
> (4) 
where 

on = statical tensile strength of base 
plate, psi. 

8, = a coefficient to be experimentally 
determined for the riveted 
lapped joint of n rows. 

d = diameter of rivet, in. 

Ultimate tensile strength of actual 
area with rivet holes reduced is weakened 
by the stress concentration due to rivet 
holes, and its value is 60,000 psi., viz., 
Bn = 0.88 (8; = 62) by the author's ex- 
periments, using SDCH 0.04-in. plates 
and 0.12-in. diameter rivet. 

The crossing point of the above two 
hyperbolic curves is called “the most ef- 
fective pitch” for the reason of the 
strength of joint being lower at any pitch 
than at that particular pitch. 

The skeletonized diagrams of the riveted 
joints using 0.04-in. plate of SDCH are 
shown in Fig. 9. 

Both curves AB and CDE, shown by 
full line, are drawn passing every most ef- 
fective pitch for each rivet’s diameter. 
If it is permitted to be put as follows 


R (shear) = 32? (5) 


and 
R (crush) = edt (6) 
where 
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OF RIVETS 
Fig. 9 The skeletonized stress-pitch diagram of the riveted lapped joints 


d = diameter of rivet, in. 

rt = shearing strength of rivet, psi. 

o- = crushing strength of plate, psi. 
Eliminating d from equations (3), (4) and 
(5) 


dt 
— co)? — — - = 0 (7) 
p 


this equation represents the curve AB. 
Eliminating ¢ from equations (3), (4) and 
(6) 


(8) 
+ 


this equation represents the curve CDE 
and as a is independent of p, the curve 
CDE must be the straight line parallel 
to the p-axis. This means that the joint 
efficiency is constant however large rivets 
may be used. The reason of the curve 
CDE shown in Fig. 9 being not a straight 
line parallel to the p-axis is due to the fact 
that customary equation (6) is not satisfied 
by the author’sexperiments. The crossing 
point of the curve AB with curve CDE 
means the diameter of a rivet which 
gives the maximum joint efficiency. This 
ideal diameter will easily be determined 
by putting equation (5) equal to equation 
(6); that is 

dt 
= 

rT 


a (9) 

In the double-row riveted joints, it 
may be said that the effect of rivet diame- 
ter is in the similar condition to the single- 
row riveted ones. In brief, it is impossible 
to get the joint efficiency over 70% even 
in double-row riveted joints. 

Finally, let us again consider the case 
of plate thickness altered. As a rule, 
rivet diameter is chosen in linear propor- 
tion to plate thickness on the design of 
riveted joints. From equations (3) and 


(5), 
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Fig. 10 Stress-pitch diagrams of spot-welded joint 


7 (‘) : a shear) (10) From equations (3) and (6) and equation (4) may be written as fol- 
Pp 


d l lows 
(erush) (11) (p/t) - (d/t) 


og = 6,08 ~ (12) 
(p/t 

Therefore, if we adopt ¢-(p/t) diagram 
instead of o-p, we can use the same dia- 
gram for the different thickness of plate 
as a function of (d/t) alone. And even if 
(d/t) is a constant, the most effective 
pitch is in linear proportion to plate thick- 
ness since it is a function of (p/t) 


Consequently, if we want to modify 
the riveted design into the spot welded, 
it will be necessary to lessen the pitch for 
thick plates and enlarge it for thin plates. 


STRESS & (1,000psi) 


i 0 J | | Consideration on the Results of 
0 02 04 06 ag 1.0 1.2 Q a2 04 06 ag 1.0 1.2 Fatigue Tests 
PITCH (dnch) PITCH (inch) 


Spot-Welded Joints. In Fig. 6 (a) of 


Fig. 11 Stress-pitch diagrams of spot-welded joints single-row joint, four log o-log N curves 


FATIGUE STRENGTH OF ONE SPOT OR”RIVET 2 
Ty STRENGTH OF Spor WELDED OR RiVET- 
(RIVET HOLE REDUCTED ) 
1 TTT NOMINAL STRESS OF DOUBLE 
10 
a 
y + 
10° 108 107 0” 
NUMBER OF CYCLES 
M 
(e) Fatigue strength of one spot or rivet (6) Fatigue strength of a... Pe, hole reduced) 
Fig. 12 Fatigue strength of spot welding and riveted joint 
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of spot-welded joints, with pitches of 


0.33, 0.40, 0.50 in. and seam-welaed 16 the | eo 


joint, are found on one and the same P| 

curve, and as the pitches are enlarged, a - 

the fatigue strength is decreased. Then it 
is supposed that there may be also saturat- 

ing pitches in the fatigue as in the statical, 


though the spots are never broken by =r 

shear, viz., all test specimens are broken 

at the heat-affected section. Now let us 64 PER SPOT) 
use the same notations for the fatigue as 

for the statical, and try to draw o-p 

diagram using equations (1) and (2) at Fig. 13 Transmission of power in the single- and double-row joints 


10°, 10° and 10’ cycles. By taking aos 
from the four equal log o-log N curves 


mentioned above, and S, from the curve 6.5" x 
of the joint with the largest pitch of 1.0 * p 
in., Fig. 10 (a) may be drawn. In the L5 


same manner, for the double-row spot- 
welded joints, Fig. 10 (6) may be drawn. 
The numerical values of S,, S2, aos and 
asap are given in Table 1. 

In Fig. 10 the crossing points of hyper- 
bolic curves with straight lines may be 
called “the saturating pitch for fatigue.” 
It is interesting that saturated pitches 
for the fatigue are about 0.5 in. for both 
single- and double-row joints, while for 
the statical, saturating pitches of double- 
row joint are always larger than that of 
the single one. 

Riveted Joints. In the fatigue tests of 
riveted joints, rivets are also never broken 

by shear and plates are broken at the edge 


-— 2.0°——+ 


of rivet heads in case of large pitches, 
though the specimens of small pitch are 
broken like a perforated sheet of postage 
stamps. 

Assuming equations (3) and (4) are 
satisfying for the fatigue as for the statical 


Fig. 14 Fatigue specimens for the distance between 
rows 


test, the author draws o-p diagram. In 5 

this case, R, and ought to be taken 10 — 

from the data of joints of the largest pitch | 1.0”. 
and and must be calculated by rT} < 


the data of joints of the smallest one (see 
Table 1). By using these values, Fig. 
11 will be drawn for single- and double- 
row riveted joints respectively. In these 
figures, the crossing point of the two hy- 
perbolic curves may be called “the most i a 
pitches for fatigue are about 0.6 

and 0.75 in. for single and double rows NUMBER OF CYCLES 

respectively, and these values are larger Fig. 15. The effect of the distance between rows upon the load parallel to the 
than for the statical. spot-welded line ‘ 


STRESS (pa) 


! 
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(a) Specimens for one side (6) Specimens for both sides 
Fig. 16 Specimens for pitch of spots connecting the stiffening member 
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NUMBER OF 
Fig. 17 
Comparison Between Spot-Welded 


and Riveted Joints 


S,, S2, and R;, Re Log P-log N (P = 
repeated load per spot or rivet) curves of 
S;, S: and R;, Re for the fatigue can be 
drawn from the values for the largest 
pitch in Table 1 (see Fig. 12 (a)). 

The fatigue strength of one spot or 
rivet of single-row joint is higher than 
that of double-row joint. Just look at one 
example shown in Fig. 13. It must be 
remembered that statical strength of a 
spot of 0.04-in. SDCH is not lower than 
that of 0.12-in. diameter rivet, though 
the fatigue strength of the former is evi- 
dently lower than that of the latter. 

coop and Biag, Boop. Log o- 
log N curve of aos, and 
can be drawn from the values for the 
smallest pitch in Table 1 (see Fig. 12 
(b)). 

The fatigue strength of riveted joints 
at the smaller pitch than “the most ef- 
fective pitch for fatigue’”’ is represented by 
Broz X (p — d)/p, so it may correspond 
to 25% less of Bnog when p = 4d, which 
are shown by the dotted line in Fig. 12 
(b). 


THE EFFECT OF THE DISTANCE 
BETWEEN ROWS UNDER LOAD 
PARALLEL TO SPOT-WELDED 
LINE, AND THE PITCH OF SPOTS 


CONNECTING A STIFFENING 
MEMBER, UPON FATIGUE 
STRENGTH 


Distance Between Rows Under Load 
Parallel to Spot-Welded Line 


The specimen shown at the top of Fig. 
14 corresponds to the lapped joint under 
load parallel to spot-welded line as shown 
at the bottom of Fig. 14. The specimens 
are made of 0.04-in. SDCH plates and 
pulsating fatigue tests are tried on four 
kinds of distance between rows of 1.0, 
0.5, 0.33 and 0.25 in. These results are 
shown in Fig. 15. As a general rule, the 
larger the distance between rows, the 
higher is the fatigue strength, but as such 
a large repetition as 10’ the fatigue strength 
is independent of that distance. 
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CYCLES 
The effect of the pitch of the spots connecting the stiffening member 


Pitch of Spots Connecting a Stiffening 
Member 


In Fig. 16, (a) is a case of connecting 
a stiffening’ member on one side, and (6) 
is another on both sides. 

Both plate and stiffening member are 
of 0.04-in. SDCH plates and pitches are 
three kinas of 2.0, 0.67 and 0.4 in. Pul- 
sating fatigue strength is shown in Fig. 
17. It is in the nature of things that the 
iarger the pitch is, the higher is the fatigue 
strength, but it is hard to understand why 
the specimen with a stiffening member on 
one side should have higher fatigue 
strength than that which has on both sides 
at a large number of repetitions while the 
former has rather a lower value than the 
latter at a small number of repetitions. 


THE EFFECT OF PITCH OF SPOTS 
AND SPAN UPON FATIGUE 
STRENGTH UNDER PURE TENSION 


Pitch of Spot Welds 


It is generally said that the spot weld 
has very low strength under pure tension, 
especially in fatigue, so that the pitch of 


spots must be very small. Then, the 


— STIFFENER ON BOTH SIDES 
1o* 10° 10° 107 


NUMBER OF CYCLES 


author tested the effect of pitch of spots 
upon reversed fatigue strength (pure ten- 
sion and compression) using a special 
fatigue testing machine designed by the 
author 

The tested specimens are shown in Fig 
18. Span / is 4 in. and the pitches are 
0.232, 0.572 and 0.8 in. for 0.024-in. 
SDCH plate and 0.4, 0.8 and 1.2 in. for 
0.04-in. SDCH plate The test results 
are summarized in log (load per unit 
breadth}-log 
Figure 19 will prove that the pitch of 
spots has no effect upon fatigue strength, 


diagrams in Fig. 19 


but the fact is, contrary to the author's 


Fig. 18 Fatigue test specimens for 
pure tension 
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Fig. 19 The effect of the pitch of spots 
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expectation, any pitch of spots has turned 
out not larger than “the saturating pitch 
for fatigue under pure tension.’”’ After- 
wards, the author has realized the satu- 
rating pitch is 1.2 in. for both 0.024 and 
0.04-in. plate as a result of just testing 
one-spot welded specimens and calculating 
from the equations which correspond to 
equations (1) and (2). 


Span Between Small Frames 


The specimens for the purpose of finding 
the effect of span between small frames 
upon the reversed pure tension and com- 
pression strength have a span of 4.0, 6.0 
and 8.0 in. (spot welded with 0.572-in. 
pitch) for 0.024-in. SDCH plate, and a 
span of 4.0, 7.6 and 11.6 in. (spot welded 
with 0.8in. pitch) for 0.04-in. SDCH 
plate. Test results are shown in log 
(load per unit breadth)-log N diagrams 
in Fig. 20. 

The calculated bending stresses assum- 
ing the specimen as a simple beam and the 
measured amplitudes are inserted in 
Table 2. The author has tried to plot 
the fatigue curves taking these two items 
as abscissa instead of the “load per unit 
breadth” but found different curves for 
each span, whereas by considering the 
“load per unit breadth,” it will be found, 
as shown in Fig. 20, that the span has no 
effect upon fatigue strength. 

The same specimens of riveted joints 
have also been tested by the author, which 
shows the fatigue strength is by far higher 
than the spot (lack of space compels the 
author to leave out these data). 


CONCLUSIONS 


1. Shearing fatigue strength per spot 
which has any mean loads can be esti- 
mated by testing both reversed fatigue 


LOAD PER UNIT BREADTH( ™/inch ) 


LI 


NUMBER OF CYCLES 


Fig. 20 The effect of the span upon the pure tensile fatigue strength 


strength and statical strength. It is 
clear, on the other hand, that the smaller 
the margin of plate in single-lapped 
joints, the lower is the shearing fatigue 
strength. 

2. It is easy to estimate the fatigue 
strength (statical strength, too) of any 
single-lapped joint of any pitch without 
taking the trouble of fatigue testing on 
each pitch, if you test only about two 
kinds of specimens whose pitches are ex- 
pected to be far larger and smaller than 
the saturating pitch for the spot-welded 
joint or the most effective pitch for the 
riveted joint. Moreover, only one curve 
of stress-pitch diagram will suffice for the 
spot-welded joints of any thickness of 
plate since the strength (for fatigue and 
statical) is, as a rule, proportional to the 
thickness of plate, and for the riveted 
joint we can use the same diagram for any 
different thickness of plates as a function 
of (rivet diameter)/(thickness), if we 
adopt stress-(pitch)/(thickness) diagram. 


3. We have realized the effect of the 
distance between rows upon fatigue 
strength when single-lapped joints of mul- 
tiple rows are loaded parallel to its welded 
lines. And the fatigue strength of the 
specimens connecting stiffening members 
on one side and both sides are obtained, 
and also the effect of pitch of spots are 
cleared. 

4. It is generally believed that the spot 
weld has very low fatigue strength under 
pure tension, so that the pitch of spots 
must be very small, but the results of fa- 
tigue test have shown us that it is not 
necessary to do so since the saturating 
pitch is very large (1.2 in.). And it has 
also been cleared that it is just necessary 
to consider the load per unit breadth with- 
out regarding the span, but the span must 
generally be reduced at the time of de- 
signing such a joint so that the value of 
load per unit breadth may be reduced. 


Table 2—The Effect of the Span Upon Pure Tensile Fatigue Strength 
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Kthara—Fatigue Spot-Welded Joints 
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Welding Rods have helped us 


build an important neighborhood business!” 


says Eugene C. Schmidt, 
E. C. Schmidt & Sons Iron Works, 
Barrington, N. J. 


E. C. Schmidt & Sons iron Works, Barrington, N. J. 
In front of the shop, Eugene C. Schmidt discusses 
a braze-welding problem with his brother, Paul M. 
Schmidt. An AnacondA Bronze Welding Rod will 
help them solve it. 


“While it is a fact that welding business “Bronze rod gives us fast welds and 
comes to us from miles around—more 
than we can handle—our shop has 
become more and more a mainstay 


for neighborhood repairs, 


strong ones because the work needs 
little preheating and the rod has a low- 
temperature melt, ‘tins’ readily and 
penetrates thoroughly. And it’s no 
problem to file or grind a finish on a 


“People come in with farm equipment, 
bronze weld.” 


household appliances, tools, toys, 

machines, fixtures—all with broken 
metal parts that need braze weldin; AnaconnA Welding Rod Distributors 
throughout the United States can show 


“For this kind of work, you have to 
; you how you can make more money 


use the right rod—or you can’t make 
money. We use only ANACONDA Bronze 
Welding Rods and our ANACONDA 
Welding Rod Distributor, Morris, 
Wheeler & Co. Inc., has been of great 
help in selecting the right alloy. Its 


and do a better job with the right 
bronze rod. Booklet B-13 tells you more. 
Write to The American Brass Co., 
Waterbury 20, Conn, In Canada: 
Anaconda American Brass Ltd.., 


Paul M. Schmidt using an AnacondA Bronze 
Welding Rod to repair a fire hose coupling 
representative is a crack welder himself. for the local fire company. New Toronto, Ont. euns 


broze or weld with JLANACONDA 
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THE ALL NEW- 
MULTI-PURPOSE 


AAS” 


Yes, sir, here is a year-round “Christmas 
Present” for your shop — a portable gas cutting 
machine that will perform a wide range of metal 
cutting jobs. It is the first portable gas cutting 
machine built to carry Aircomatic®, Heliwelding, 
Flame Hardening and other fabrication equip- 
ment. 


A streamlined aluminum body, featuring a 
specially designed carriage top, is part of the 
“behind scenes” versatility of this invaluable new 
fabrication tool. 


So, if you want to speed up metal cutting 
operations—and step up fabrication schedules— 


AIRCO NO. 20 
RADIAGRAPH 


use the NEW Airco No. 20 Radiagraph. It will 
cut straight lines and circles with square edges, 
single or double bevels, with or without land; as 
well as shape (with guide rollers) small steel 
parts of almost any commercial thickness. 


Sturdily built with a powerful new motor, 
sealed at the factory with lifetime lubrication, 
the new, lightweight (weighs only 57 pounds), 
Airco “20” is easy to operate, and performs all 
its cutting operations—with “Airco Accuracy”. 

Call or write your nearest Air Reduction office 
for full details about the NEW Airco No. 20 
Radiagraph. Ask for descriptive literature. 


AIR REDUCTION 


AIR REDUCTION SALES COMPANY + AIR REDUCTION MAGNOLIA COMPANY 
AIR REDUCTION PACIFIC COMPANY 
REPRESENTED INTERNATIONALLY BY AIRCO COMPANY INTERNATIONAL 
Divisions of Air Reduction Company, Incorporated 
Dealers and Offices in Principal Cities 


> 
| an all-year Ch as present 
| 
: 
: 
| 


